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TO HIS GRACE, 



CHARLES, 

Duke of Richmond, 
Lennox, and A ub i g n y, 

(AJp ffi49 d^ ' . 

(STc. CsTc. ^C. 



MASTER GENERAL 

OF TH8 

ORDNANCE. 



My Lord Duke, 



X H I S tranflation has 
more than a coi]9i:(koi;^ .ciaio%:(Q your 

Grace's patronage .j^i: lpr>(. to whom 

QQuH ^ work, compiled; exprefsly for 
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the inftru<aion of young mpn deftined 
to ferve in the artillery, be with fuch 
peculiar propriety infcribed, as to your 
Grace ? under whofe aufpices the Royal 
Military Academy has attained a pitch 
of excellence, that promifes to the 

Sovereign and nation, whofe bounty 
fupports it, an ample compenfation 
in the knowledge and talents of the 
ftudents. 



The'aBtH^ofvYditf^C&ft^ce's command 

.' : . . •••./•• 
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of the ordnaiicc*]tia5..been diftinguifhed 
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by many iaiutary reforms . and ufeful 

regulations ; 
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regulations ; and by an attention to 
every thing that can tend to the ad^ 
vancement of the public fervice, or 
the promotion of fcience : I have, 
therefore, prefumed to dedicate this 
tranflation, the employment of my 
leifure hours, to your Grace; in the 
hope, that it may fcrve more generally 
to difFufe the fuperior military know- 
ledge of M. D'Antoni. 



I beg leave to ieize this opportu- 
nity of exprefling my wifli, that the 
Royal Regiment of Artillery may long 

a 4 HouriiH 
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flourifh under your Grace's protec- 
tion, and of fubfcribing myfclf, 



My Lord, Duke, 



Tour G R A c E 'x mofi obedient 



and devoted humble Seroatft* 
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The Tranflator. 
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PREFACE 



J-iITTLE apology is neceflary for giving 
tordle public in an Engliih drefs, the three fol- 
lowing treatifes, written originally in Italian by 
M. D'Antoni; who, from his exten(ive know- 
ledge and voluminous publications, ranks high 
among the military writers of the prefent age. 

The objed immediately propofed by the atM 
thor in thefe and his other works, is the in- 
Amotion of the young officers of artillery and 
engineers ; and the ftudents in the military 
academies, over which he prefides. From this 
circumftance and from the particular fubjeft of 
^hefe treatifes, it may at firfl fight be conceived, 
that- their fcope is too confined to merit general 
dtteoti9D;J;^ju(thisobje6lion will iiiAantly vanifh 

' on 
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on the reflexion, that from the various combi- 
ntitions and calculations, which inevitably enter 
into the military fyftems of modern days, a 
courfe of ftudy is requifite to form an officer : 
and where can this fo properly commence, as 
with gun-powder ? ontheeffeftsofwhichvidlory 
or defeat effentially depend. The evolutions of 
fquadrons and the manoeuvres of battalions are 
m themfelves nece{Iary parts of a military edu- 
cation; they ftand in the predicament of many 
other qualities, which it is reproachful to want 
and not very meritorious to poflefs : " Multa 
*' furit, quae quamvis cognita non magijam mere- 
•* antur laudcm, eadem tandem ignbrata non Icvc 
•* poflfent dedecus imprimere." But an officer 
who looks forward to diftinftion will go far- 
ther ; not content with fu'perficial krKJwlcdgc, 
he will trace the military fcience in its progreft 
from the moft (imple to the moft complicated 
details ; examine the properties and force of 
CJJch particular agent ; and thence form tho& 
combinations, which adapted to circumdancea 
and fituations difplay, what is juftly termed, a 
knowledge of the art of war. 

Confidiered in this point of view, the^ can 
be little doubt but that the productions of M, 
lyAiitoni maybe eminently ufeful: for though 
many of the obfervations may have occurped 

to 



: l^REFACE. ITI 

to fome writer or other before him ; yet the 
copiouiheray and, in general, the originality of 
the matter, together with the clearnefs of the 
arrangement, will, it is conceived, render it 
xiiore fatisfaftory and fit for general ufe, than 
any preceding work of the kind. 

It muft indeed be confefled, that in this 
country, the inducement for an officer to make 
a ftudy of his profeffion is not very great ; 
weight of intereft and length of purfe fuperfede 
all neceiHty for knowledge or application : few 
will fubmit to the drudgery, requifite for at- 
taining a maftery of the profeffion, fince fuch at* 
tainment avails nothing, opens no avenue to 
rank or emolument, no profpecl of advance- 
ment: in the law, in the church, in other 
lines of life, learning and application have fome 
efkSt; in the former particularly, there are 
daily inftances of abilities forcing their way 
through iht gloom of friendlefs poverty and 
ftartuig into the broad fun-fhine of rank and 
riches : in the military line, few fuch inilances 
occur. 

. This picture, however true, ought not tabe 
difpleafing ; on the contrary, it will, on reflec- 
tion prove what every true-born Briton infifts 
€M with exultation, that the military is a very 
Uxoad^rj order in the clafs of ibciety* Every 

thing 
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thing in the courfe of time finds its level : 
had the fituation of this country rendered its 
exiftence infeparably connefted with a nume- 
rous army ; or had an extenlive frontier^ expofed 
to the invafion of powerful neighbours, made a 
chain of fortrefles requifite for its protcflion ; 
the neceflity of cultivating the military fcicnce 
would have been felt : confequence would have 
attended the officer, confidcred both in his po- 
litical capacity with cefpeft to the flate, and in 
his individual capacity aa to his fuperior en- 
dowment, and he would naturally have rifen to 
the higheft level in fociety. But the peculiar 
ftjicity of our infular fituation, having in a 
grc:it mcafure fuperfeded the neceffity of main- 
taining theic armies and fortrefTes, we are fallen 
by a gradation natural to human nature, into 
the oppofite extreme : an extenfive line of fea- 
coaft left totally to the proteftion of the navy ; 
invaluable depofits of naval ftores either wholly 
uncovered, or expofed to be deftroyed by a few 
huodreds of the enemy ; and not a fingle fortrefs^ 
where the young men defigned for the army, 
may fee the operations of attack and defence, 
and exemplify the lefTons they may have re- 
ceived at their feveral academies or fchools. 

It may be urged that officers cannot be farmed 
in tiipe qf peace, that all the theory in the 

\¥orl4 
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world Is incompetent to this end : the fallacy of 
this argument, however fpecious it may at firft 
fight appear, is eafily expofed. During the 
gloom of the middle age^, when the fun of 
fcience underwent a total eclipfe, and the arts, 
by which the Grecians and Romans had con- 
quered the world, funk with all other fpecies of 
knowledge into one common grave; while 
armies, in the ignorant fpirit of the feudal fyf- 
tem, were compofed of peafantry drawn toge- 
ther on the emergency, badly armed, and worfe 
difciplined ; there feemed little more requifite 
to direft their endeavours for the fudden and 
(hort lived occafion, than bravery in the officers. 
But the neceffity of fcience was foon felt : before 
mathematics were applied to the purpofes of 
war, before fyftems of tallies were formed ; 
there was a certain combination of circum- 
ftances founded on calculation and previous ar- 
rangement, which every officer commanding a 
body of troops found cflentially neceffary to eii- 
fure fuccefs. 

Since the invention of gun-powder and the 
jntrodudion of fire-arms, what was formerly 
the effeft of mufcular ftrength, is now the 
refult of folid principles, deduced from theory 
and confirmed by experiment. Hence, war as 
a fcience, is grounded on certain immutable 

axioms ; 
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axioms,; a knowledge of which, joined to habits 
of reflection and an acquaintance with the befl' 
rnilitary writers, will go far towards forming 
an excellent oflScer. 

. Not that experience is to be undervalued, or 
the merit of thofe depreciated, who by dint of 
ob{ervation have in time acquired a very large 
ihare of praftical knowledge, to their own ho- 
nour and the advantage of the fcrvice ; and It 
muft be confeft, that pradice unaided by theory 
will in many cafes efFe£|; more, than theory 
without pradice can do : yet while we admit 
that experience is our fureft guide, it muft be 
granted at the fame time, that to make judi- 
cious obfervations and accurate experiments j to 
drawjuft inferences; not to confound the efFe6l« 
of one caufe with thofe of another, and to apply 
our obfervation and experience to the beft pur- 
pofes ; is not a very (imple or common thing. 

Happily for mankind, wars are neither fo fre- 
quent or of fufficient duration for an officer to be 
formed by pradlice alone t the commentator on 
Polybius, whofe voluminous work is fraught 
with excellent maxims and juft remarks, aflert^ 
that *' the Coup d'Oil" that talent by whicK 
a general feizes at once all the advantages pre-» 
fented by a country and improves them to thtf 
Utmoft, may be acquired in time of peace by con- 
tinually 



PREFACE. X7 

tinually obferving the varieties of ground ofFercd 
to the view, and for this purpofe particularly 
recommends the " chafe/' Now if this branch 
of the military art, which perhaps more than 
any other is the teft of genius, can be obtained 
during peace, how much more muft the fub- 
ordinate parts be within our reach ? 

It would exceed the bound? of a preface to 
purfue this idea and point out the plan of edu- 
cation befl adopted to our natural and political 
circumftances: the 4ifcufliQn of the queflion^ 
why this ifland fo fertile in men of genius in 
all other branches of fcience, has produced fo 
very few menof firft rate talents in the military 
line ; and why we have had few or no wri* 
ters of real, original merit on the fame fubje£l:^ 
would be naturally involved in the enquiry ? 
let it therefore be difiniffed for the prefent, with 
a hope that the preceding remarks will not be 
deemed altogether impertinent in the preface to 
a didactic work. 

The feledtion of the three following treatifes 
has been made from the reft of M. D*Antoni*s 
works, in the defire of difFufing the knowledge 
contained in them among military men in ge* 
neral ; but more particularly among the officers 
of artillery : for it muft be the wifli of every 
man, that a corps fb eminently ufeful as the royal 

artillery ; 



Xvi THE translator's 

artillery ; that has obtained the feal of their good 
condu£t ia the approbation beftowed on their 
lervices, by the men that Briraiu has chofeii 
to command her armies for feveral wars paft, 
ihould ftill retain their right to the applaufe of 
the difcerning part of their profeflion and to tht 
gratitude of their country. The fentiments of 
an artillery-officer, grounded as he (hould be in 
the feveral parts of military fcience, arc in 
every fervice held in high eflimition ; a flatter- 
ing diltinftion, the right.to which can only be 
preferved by fuperiority of knowledge. In this 
refpcft, the very high ftate of improvement 
that the royal academy at Woolwich has at- 
tained, and the numberlefs good regulations that 
have been made within thefe few years paft, 
prefent a moft pieafiug profpe^ 

After the recent publications on artillery by 
Doftor Hutton, wherein he has by a feries of 
the moft accurate experiments, eftabllfhed cer-* 
tain principles and dedudions, as abfolute data 
in gunnery; a tranflation of the trcatifc on 
gun-powder might by many be deemed fuper- 
fluous; particularly, as it militates againft 
fome of the conclufions drawn by the learned 
profeffjr at Woolwich: but whoever reflets 
for a moment, on the various opinions that 
hav e lOr a long time prevailed among praftiti-t 

onersi 
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iDnerSi on the theory of powder and its aftion 
on projeftiles, will be pleafed to find the opi- 
nions of celebrated men brought forward to 
public view; that the points on which they 
agree may be laid down as fixed axioms, and 
thofe wherein they differ more fully difcufled. 
Dr. Hutton, for inftance, afferts that no ftrefs 
whatever is to be laid on the wadding of guns, 
with refpeft to increafing the force of the 
charge : D* Antoni affirms the contrary, and in 
this he is fupported by Colonel Thompfon, 
who has favoured the world with feveral 
ingenious papers on gunnery. Truth can only 
be attained by experiment ; and to reafon from 
effe£ls to caufes is the only mode for beings ac- 
quainted with nothing buteffedls : without this, 
caufes can only be conjc£lured at; and the 
different ideas that have at various times pre- 
vailed on the fubjeft of artillery, is a convinc-* 
ing proof of the grofs error to which conjefturc 
is liable. 

Without entering into the hiftory of the fci- 
ence, it will fuffice to oblerve, that before Ro- 
bins, who was in gunnery what the immortal 
Newton -was in philofophy, the founder of a 
new lyftem deduced from experiment and na- 
ture, the fervice of artillery was mere matter 
of chance, founded on no principles, or at 

b beft, 
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beft, but erroneous ones. All the nations of 
Europe have joined in commendation of Mr* 
Robins, and adopted his axioms: yet much re- 
mained to be done ; and it was left for the abi- 
lities and profound fcientific knowledge of Dr. 
Hutton> by profecuting his dilcoverics on a 
larger fcale, to confirm his conclufions. 

The military reader will not be difpleafed 
with an account of the produftions of M. 
D'Antoni and a fliort fketch of their contents : 
being compofcd in a language that is not in 
general technically underftood in this country, 
they are lefs known than their merit entitles 
them to be. 

M. D'Antoni's works confift of thirteen vo- 
lumes in 8vo. the firft in point of publication 
was the treatifeor examination of powder: the 
author, confidering fire as the bafis of all expe- 
riments upon gun-powder, gives in the firft 
part of this treatife a definition of it; and then 
inveftigates its effefts on bodies, pointing 
out the feveral modifications it is liable to : he 
afterwards proceeds to analyze fulphur, char- 
coal and faltpetre ; the properties of which he 
confiders individually and then coUeftively, as 
in the manufadlurc of gun-powder, of which 
he defcribes the various forts. He then lays 
down a theory of the inflammation of powder, 

and 
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4nd deduces a number of inferences pradlically 
ufefiil and in general coinciding with the re- 
fults of experiments made in this country. In 
the fecond part, after expatiathig upon the dif- 
ficulty of meafuring the force of fired gun- 
powder, even when the utmoft care and prcc lu- 
tion are taken to guard againft error and irregu- 
larity; and thence inferring the impradticabiiity 
of doing it to an abfolute certainty in mill- ry 
operations, where a thoufand circumfljncri; 
concur to baffle the attempt: he aflerts rht- ah- 
furdity of laying down any rule as regular mA 
conftaAt; finccthe utmoft that can be obt:;i:ied 
is an approximation, fufficient with a tolerable 
(hare of intelligence and accuracy for all com- 
mon purpofes. To this end, he firft confiders 
the force of powder in its moft fimple, and af- 
terwards in its moft complex ftate : then having 
dwelt on its modifications when fired in guns, 
he pafles to an inveftic^ation of the initial velo- 
city of projeftiles, of the law of their impulfion, 
and terminates the trcatife with experiments 
on the rcfiftance of the air. 

Having in the former treatife, examined the 
nature and compofition of gun-powder, and 
analyzed it's properties, the author in the fecond 
work, entitled a Treatife on Fire-arms, apphes 
thefc principles to praftice : but in order to 

b 2 carry 
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carry method and perfpicyity into every part 
of his fubjevfl:, he takes up the matter ab initio; 
and in the firft place treats of the refiftance of , 
fire-arms : in the courfe of which, he examines 
the hardnefs and tenacity of the metals employed 
in their conftruflion, giving at the fame time 
the method of refining and fufijog them, with 
remarks on the feveral proportions in which 
they are to be mixed together. Then, having 
made fome obfervations on the windage, figure, 
length, and cafting of brafs guns and mortars, he . 
pomts out the inconveniences ^rifing from what 
is called ** the running at the vent,*'^ aixi con- 
cludes with the feveral methods of proving and 
examining new guns. The fecond part of this . 
work is entitled " On Proje6liles ;" he explains 
the duty of an artillery-oflScer, both on battery 
and in the field, as far as regards the initial velo- 
city of (hot, the path of the (hot's flight, and 
its efFeds upon works ; and calculates the num- 
ber of men, that may be killed or wounded in 
aftion, both by round or cafe-(hot fired from 
guns of different calibres at various pofitlons of 
the enemy. He draws a comparifon between 
the effeds of the howitzers and field pieces, 
and finiihes with a chapter on (hells proje£led 
frvom mortars. 

The various properties of j^owd.r being thus 

afcertained, 
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afccrtainccl, and its application to fire-arms 
fully confidered ; the author as a necefl'ary con- 
fequent, treatsin the third work, *' Of the Ser- 
" vice of Artillery in the Time of War/' begin- 
ing with the attack of places ; in the courfe of 
which he developes, the firft difpofitions for 
laying fiege to a fortified town, wherein are 
comprehended the proportion of guns and ftores 
for the attack* of fortrefies; the precautions ne- 
ceflary to to be taken for enfuring the fafety of 
the convoys ; the fituation of the park ; the 
coiiftru^on of the firft, fecond and third bat- 
teries ; the attack of the countermines and the 
furrehder of the place : diftinguifhing the feve- 
ral kinds of fieges, and giving diredlions for 
difmantling and blowing up the works of a re- 
duced fortrefs. The fecond part includes the 
whole fcience of defence; the author is parti- 
cularly diffule on the fubjeft of mining, and Inys 
down rules for the defence of a place conftru£ted 
on a iyftem of demolition. The third part treats 
of the field fervice of artillery : to convey to 
artillery officers an adequate idea of this effential 
branch of their profeflion, he enters into the 
formation of an army, and the fyftem of tac- 
tics, and lays down difpofitions for the march 
and encampments of armies, and for parking 
{he artillery : in the next place, he gives the 

\> 3 method 
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method of difpoling the artillery in the day of 
adtion ; and its ufe in the defence and attack 
of field-works, together with the principles of 
their conftruftion; whether for covering a 
country or intrenching an army : and con- 
cludes with the duties to be performed in can- 
tonments and winter quarters. Although thefe 
three treatifes did not immediately follow each 
other in point of time, yet as they are in a 
manner connefted together and form the fub- 
jeft' of the following work, it was deemed ex- 
pedient to clafs them together. 

The firft book of military archite£lure is 
prefaced with a general idea of fortification and 
of the art of war, with a fuccinft account of 
the writers on thole fubjeds. The fituations 
proper for regular fortifications are pointed out^ 
witfi rules and dire£lions for the conftrudion 
of the body of the place, and out-works of 
every denomination. 

This firft book containing as it were, the ele- 
ments of fortification, which is confidered un- 
der three heads, viz. the ancient, the primitive 
modern, and the prefcnt fyftem, is followed in 
natural order by the fccond volume, compre- 
hending the attack and defence of regular for- 
tifications. 

The third comprehends the maxims and 

principles 
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principles of fortification ; with remarks on 
the various fyftems that have been hitherto 
publifhed, and direftions for diipofing the 
mines in a regular fortrefs. 

The fourth includes the v^hole {ydem of irre* 
gular fortification. 

The fifth treats of the materials ufed m the 
conftruftion of works, with direftions for afcer- 
taining their feveral qualities; and concludeg 
with a chapter on hydraulics, and on works 
that are to be occafionally made in water. 

The fixih comprizes irregular attack and de* 
fence, and the fyftems of field fortification. 

In the two volumes on natural philofophy and 
mechanics, ftiled '' Phyfico-mechanical Infti- 
f^ tutions,'* the author treats of the various 
branches of thofe fciences which he efteems 
indifpenfably necefTary for an artillery officer to 
be acquainted with, and enlarges on chemiftry 
and metallurgy, which are brought into praftice 
in the analyfis of powder and the trcatife on 
fire-arms. 

The praftice of artillery in time of peace, 
contains rules for examining and proving guns, 
ihot, (hells and powder; with the dlmenfions 
of pieces of ordnance, and of the carriages ufed 
in the fervice of artillery; the conftruftion of 
rbc furnaces and moulds for calling cannon, and 

b 4 the 
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the duties of the laboratory and arfcnal are ex* 
plained. 

In the eflliy " On the Management of Guns^ 
&c." are comprehended diredioiis for uling 
the feveral machines, as the gin, capftan, &c. 
and difpofitions for porting the men numerically 
to tlie fevcral duties. 

Tiiis is a (light (ketch of the contents of 
thcfc volumes, which altogether form a com- 
plete fyftem of artillery and engineering ; and 
perhaps, in a future day, fome individual whofe 
leifurc permits may favour the public with a 
tranflation of them : well would the editor of 
this work deem his labours requited, fhould his 
example excite others of the corps to purfue the 

lame route ; a route, not ftrewed, 'tis true, 

• 

with many flowers, nor leading either to the 
temple of fortune or of fame, yet abounding 
With objects fufiicient to afford matter of obfer- 
vation and refledlion to a contemplative mind. 

It will be a fource of fatisfaftion to profcf- 
fional men to obfcrve, that the fame ideas and 
hnodcs of pradtice prevail among men of genius in 
different countries. M. D*Antoni, for inftance, 
makes frequent applications to chemiftry, and 
recommends it in common with other branchcb 
of natural philof ^phy ; a courfc of chemical 
Icclur^s is crtabiiflitd at Woolwich bv the 

mafter- 
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mafter-gcncral of the ordnance : Who after this 
concurring tcftimony can doubt, that chemiftry 
enters into the education of the complete officer ? 
A former maftcr-gencral laid a foundation for 
theoretical and pradical knowledge by founds* 
ing the royal military repofiitory; where the 
inventions of ingenious men of all nations in 
the military art may be collefted together 
and difnlayed both in models and books : M. 
D'Antoni refers his reader frequently to the" 
models in the royal fchools; as to a place, whence 
he may draw from aftual obfervation the moft 
accurate knowledge with refpeft to the con- 
flru£lion and mechanifm of military machines* 

The repofitory in both countries has been 
equally produftive of a further good : in Turin, 
it has led to the compilation of a kind of ma- 
nual of artillery in the two books entitled ** the 
" Praftice of Artillery and the Eflay on the 
" Management of Guns, &c.": with us, we are 
indebted to the exertions and abilities of Major 
Congreve for the eftabliftiment of a plan of ex- 
ercife, and a fyftem of practical knowledge. 

It would be tedious to dwell on all the points 
wherein thefe two fyftems agree ; the artillerift 
who has made himfelf mafter of the principles 
eftabliflied at Woolwich, will on a perufal of M. 
D'Antoni's works find them fully confirmed at 

Turin. 
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Turin. Similar inftitutions at the fame time 
and at different places prove their own pro- 
priety and utility : one man or fet of men may 
err ; men of liberal minds and comprehenfion 
of intelledl in different countries thinking alike, 
can hardly think wrong. 

It would be a pleafing theme to a man, who 
regards with any enthufiafm the future profpefts 
of the corps of artillery, in refpeft to know- 
ledge and emancipation from prejudice, to 
dwell on the fcveral ufeful and falutary regula- 
tions that have within thefe few years pail been 
adopted: but, the enumeration which would 
gratify zeal, would be irkfome to indifference. 
Qnc inftitution, indeed, from its general good 
to the country merits particular attention. If 
Britain ranks high in the fcale of nations, fhe 
is indebted for that pre-eminence to her mari- 
time force ; the fccond point in that force, is her 
naval ordnance : the eftablifliment, therefore, 
of the office of inl'peftor of artillery became a 
very important confideration ; the number of 
guns defeftive in eflential principles was become 
a matter of ferious alarm ; the artifices of con- 
traftors and the ignorance of founders made it nc- 
ceflary, that officers of knowledge and refpefta- 
bility fliould be appointed to the fuperintendance 
fi t^iat department : the inftitution took place 

\ind?r 
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under the direction of Major Bloomfield, and the 
good efFtdls refulting from it are too recent to 
need recapitulation. 

There are fome points in which M. D'Antoni 
differs widely from the commonly received 
opinions : in his proportion of ordnance and 
ftores for the attack and defence of places, 
he omits howitzers and includes a large pro- 
portion of mortars. It is doubtlefs an objeft, 
highly worthy the attention of profeflional 
men to inveftigate, how far mortars can in 
moft cafes fupply the place of howitzers. The 
abfurd idea of fixing them in their beds at a 
certain elevation is at length, to the credit of 
the prefent day, in a fair way of being explo- 
ded : the adoption of Captain La^vfon's mode 
of elevation, which feems at once to unitQ' 
ftrength and iimpliclty, the two leading fea- 
tures in military mechanics, will go far toward 
the completion of this objc6t. The field-how- 
itzer, notwithflanding the apparent fairnefs of 
M. D'Antoni*s comparifon, will flill maintain 
its ground : it is true as he alTerts, that the 
moral cfFefts of howitzer-fhells cannot be cal- 
culated ; yet, fuch is the conftitution of human 
nature, that though we cannot afcertain to 
mathematical precifion the force of terror, we 
are ueverthclefs certain that it works wonderful 

cfFe^s 
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cffefts on the moft ftupid as well as on the moft 
enlightened minds. His general condemnation 
of light, fhort guns is deduced from, the faireft 
of all principles : the only true criterion to 
judge of the efficacy of field artillery, is their 
relative efFefts when conr^pared with mufquets ; 
whenever the fire of artillery can only produce 
an cfFeft a little greater than a few files of muf- 
<jueteers can, no man who confiders impartially 
the advantages and difadvantages attending the 
^ufe of each fire-arm will hefitate to declare, 
that the artillery (hould be difufed. In faying 
this, there is no reafon to dread that artil- 
lery will: lofe any of its credit ; profeflional 
men will ever know how to eftimate its confe- 
quence ; it is only by bringing forw^ard guns, 
that cannot produce the effedt expefted from 
them, that the fervice of artillery can be 
brought into difrepute. The infantry form 
the foul of an army; it is to fupport and 
ftrengthen their difpofition, that guns are 
brought into the field. Each arm has its par- 
ticular attribute : to the infantry, belong folidity 
and firmnefs ; to the cavalry, velocity and weight 
of charge; • and to the artillery, length of range 
and irrefiftible force. As well would a fqua- 
dron of cavalry, whofe utmoft velocity could 
not exceed the quick march of infantry, anfwoc 
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the purpofe of cavajry ; as a gun, whofe range 
with certainty would not much exceed th$ 
range of a mufquet, anf\yer the purpofe of ar-; 
tillery. The reveries of fpeculatifts, or the 
crude, ill-digefted produdtions of mere prafti* 
tiouers are equally to be rejeded. The per** 
fedion of artillery is to unite folidity witl\ 
lightnefs, fimplicity with ftrength, and to add 
length of range to cert^nty of execution.: who** 
ever does the moft toward attaining thefe ob- 
jedls, is beft intitled to the gratitude of his 
coi^ntry. 

There arc a few terms ufed in the courfe o( 
this tranflation that may require a (hort expla* 
nation. Kfyfiem of demolition implies a fyftem 
of fortification, where the works are connected 
together by arches thrown over ditches, or vx. 
any fimilar manner ; and where the exterior 
work may be dcmoliflied or taken pofleflion of 
by the enemy, and the communication de- 
ftroyed, without the interior work being in the. 
leaft degree expofed or weakened. In (hort, 
it is an improved mode of making intrench* 
ments in the baftion and ravelin and behind the 
curtain : its invention is attributed to hufca of 
Milan, who wrote in the beginning of the laft 
century. 

. In treating of mines, the word provtfional has 

been 
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been adopted; fince thofc works which the 
author terms branches of precaution, are not 
only intended as li/ienersy but to be alfo occa- 
fionally converted into galleries and chambers : 
they differ from the permanent works in not 
being made before the fiege, whereas the per* 
manent ones arc conftrufted previous to it. 
All foreign words have been as much as poffi- 
We rejected : why our language (b rich in 
other refpedls (hould be fo poor in military 
terms, it is difficult to account for ; unlefs it 
be from the abfurd vanity of (hewing a know- 
ledge of foreign languages. Surely there is fuffi- 
cientftrength,and coptoufnefs in the Englifli lan- 
guage to exprefs our ideas ; nor have we (hewn 
any backwardnefs in adoping new terms wheii 
neceflfary ; yet we ought to be careful of *' na- 
•* turaliiing ufelefs foreigners to the injury of 
" the natives ;'* and rather form a word from 
our own ftock than admit needlefs circumlocu- 
tion or foreign idiom. Dr. Johnfon left much 
to be done with refpeft to technical terms ; but 
it is to be hoped that the Oxford Lexicographer 
will amply fupply this deficiency; and not 
leave the military language a prey to every petty 
innovator. A ftandard of terms (hould be 
fettled : this can only be done under the autho- 
rity of fome judicious compiler, who may 

ftainp 
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ftamp a lawful currency on fterling words, 
and profcribe thofe that are uaneceflary or im- 
proper. 

It cannot efcape the intelligent reader, that 
M, D'Antoni has adapted his direftions for the 
conduft of officers, to the meridian of his own 
country : Turin has the Alps on one hand and 
the plains of Lombardy on the other ; the greater 
part of the wars in which the Piedmontefe have 
been engaged, have been in the Alps, the fron- 
tier towards France and Savoy ; and fome of 
their ftrongeft fortrefles are exprefsly for the 
defence of the paffes of the mountains : this 
will account for the frequent introdudtion of 
remarks on mountainous iituations. 

A comparifon between the Englifli and Sar- 
dinian artillery will prove that there are many 
points wherein our fervicc is better arranged^ 
and many inftaiices where we have the advan- 
tage of them in refpedl to mechanifm and the 
making up of flores : but this will detraft no- 
thing from the goodnefs of the general prin- 
ciples, nor invalidate in the fmalleft degree the 
juftnefs of the author's obfervations. The' dif- 
ference of the two fervices in one refpeft is 
particularly ftriking: with us, the engineers 
are accuftomed to conftruft the batteries, the 
artillery officer having little more to do than 

prepare 
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prepare the (lores and fight the guns : In thr 
Sardinian, and indeed, in moft other ferviccs 
on the continent, the artillery officer plans riic 
batteries in conjunftion with the engineer, and 
conftrudts them himfelf : how far this method 
tnay be advantageous, it would be foreign to 
the prefent purpofe to difcufs. Should it appear 
that M. D'Antoni brings the artillery officer 
too much to the fore ground of the pidure, it 
ought to be recolleded, that he profeffes to 
regard artillery only, as one of the principal 
conditions in the conflitutlon of an army; and 
perhaps fome little allowance may be nude foir 
predileftion to a favorite fervice. 

The tranflator had at one time an intentiori 
pf fubjoining by way of note, remarks on the 
fcveral conclufions drawn by the author in the 
courfe of t|ns work ; and comparing them with 
the received opinions of the Englifli and French 
artillerifts, and with the difcoveries and im- 
provements made in the feveral branches of 
fcicnceon which he treats: but befide, that an 
ample difcuffion of thefe feveral points would 
have fwelled into a voluminous commentary, 
it might have involved him in controverfies in 
which neither his time nor his inclination per-* 
mitted him to engage. 

A fecond plan was merely to give fuch re- 
marks 
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tnarks as neceflarily grew out of the fubjeft : 
but this was abandoned, as imperfeft; and the 
reader is left entirely to the fuggeftions of 
his own rahid, with refpedt to the merits or 
demerits of the work* The tranflator has only 
taken advantage of the different genius of the 
language, to condenfe as much as poffible^ what 
he conceived to be, the pieaning of the origi- 
nal; and has left the mathematical and alge- 
braical parts exadlly as they- flood, with the 
(imple alteration of the weights and meafures. 
To have (hewn by notes, as was intended, the 
conftruftion of the theorems would have been 
an operation of great length ; the mathematical 
reader is therefore referred to the Phyfiqo Me- 
chanical Inftitutions. All the weights and 
hfeafures are reduced to the Englifti ftandard: 
this, though a work of much labour, was 
deemed neceflary; and indeed without it, a 
tranflation would be very defective. The fame 
denomination is left to the guns to diftinguifh 
their feveral natures, as in the original; it 
being found that they correfponded to natures 
uhufed among us and to fractional parts: it 
was therefore apprehended that the moft fim- 
ple mode was to leave them as they were ; the 
reader havipg only to recollect that thp 32 pr. 
corrcfponds to the 27 pr. Engli(h; the 16 pr. 

p to 



XXXiv THE translator's 

to 13!; the 8 pr. to 61; and the 4 pr. to ^J^ 
One alteration indeed was judged neceflary in 
fpeaking of guns: they are divided by M. 
D'Antoni into two kinds; viz. heavy and light: 
but the term light when applied to guns of that 
length and vveight appeared fo inapplicable to 
our idea of light guns, that the tranflator has 
taken the liberty of ufing the term me^mm guns, 
being anexpreffion familiar to an Englifh artil- 

Jerift : referving the term light for thofe fliort, 
light guns which M. D'Antoni propofes for 
Tallies, &c. 

Some diflSculty occurred in fixing the precife 
proportion between the Piedmontefe and En- 
glifh weights and meafures. The Piedmontefe 
artillerifts ufe the Lyprand foot: npw the 
length of the fecond-pendulum at Turin bemg 
^4^ of this foot, and at London 39 A Englifh 
inches; the foot Lyprand of 12 inches, making 
a very fmall allowance for the difference of lati- 
tude, is equal to 20.23457 Englifh inches* 
The accuracy of this proportion is confirmed 
by the ratio between the diameters of the Pied- 
montefe and French fhot, as laid down by Mr 
D'Antoni. The French 24 pr. (hot is equal, 
he fays, in diameter to the Piedmontefe 32 pr. 
and th/5 French 24 pr. being known to be equal 
to the Englifh 27 pr. the former proportion 

anfwer& 
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anfvvers very exaftly for the diameters of the 
fliot. Having thus eftablifhed the relative dia^ 
meters of the (hot, it was eafy to determine 
their weight ; and thence, the proportion be^* 
tween the Piedmontefe and Englifh pounds ; 
which is as i*oo : '82, or the Piedmontefe pound 
is 130Z. 2 dr. Englifh. It is true, that this 
differs from the common ratio eftablifhed in 
the tables of the weights of the feveral nations 
of Europe, but agrees with Fergufon's table 
inferted in his tradts ; wherefore we may con-^ 
elude that in Piedmont, as in moft other coun- 
tries, there are two weights. The relative 
numbers in the tables in the fecond treatife are 
unaltered, as they would ftill have borne the 
fame proportion to each other ; but the ranges 
and lines of dcfcent are exprefl'ed in Englifh 
meafure. 

In fine, the tranflator trufts that this work 
will prove an ufeful addition to the foldiers 
library: with regard to the merit of the ori- 
ginal, he can only fay in fupport of his own 
judgment, that it has been deemed worthy 
of tranflation into the French language by offi-^ 
cers of high rank. The Treatife on Pow-» 
der was tranflated by M. le Vifcomte de Fla^ 
vigny : the Treatife on Fire-arms, by M. le 
Marcjuis de St, Auban, lieutenant general in 

c 2 the 
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the French fervice ; who thought the evening 
of a life, during which he had made 17 cam- 
paigns, had been prefent at 38 battles or iieges, 
and had fcrved 46 years, well and ufefully 
Employed in giving to the officers of artillery, 
in which corps he had acquired great reputation, 
a work that he deemed excellent: the third 
treatife was tranflated by M. le Chevalier de 
Mont-Rozard, lieutenant colonel of artillery, 
2n officer of great merit and experience. Thefe 
concurring teftimoniesi' joined to the opinions 
of fome officers in our fervice of great profef- 
fional knowledge, induced the tranflator to offer 
the following work to the public. He was 
well aware, that In the performance, two duties 
would neceffarily be exaded from him ; the one 
hb owed to the author, the fecond to the pub- 
lic : by the former, he was bound to give the 
lenie of the original with fidelity and accuracy; 
by the litrer with per fpicuity and concifenefs. 
How far thefe objects may have been fulfilled, 
15 left to the public to decide : to that tribunal 
he lubmits in the confidence, that if his abilities 
have by any means been equal to his zeal, the 
V&rdid mud be in his favour. 
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FIRST PART. 



Of the Properties of GuN-t>owD£R. 

71/ properties and effeSfs of Gun^powder can only be afcer* 
tailed by the means of Fire : let usj therefore^ in the firji 
placey examine the nature of Fire itfelf ; according to the 
doHrine of thofe pbilofophers^ wboj by the dofejl inve/ii" 
gation of its effehs^ huve endeavoured to explore its prin^ 
ciples and caufes. 



T, 



CHAP. I. 
Of Fire, 



HE celebrated Herman Boerhaavb, whofc opi- 
nions have been adopted by the mod eminent chemiils, 
could only^ after a long fenes of experiments, difcover a 
few of the properties from wliich fire has derived its feveral 
denominations ; according to the various modifications under 
which it prefents itfelf to our fenfes. 

I. Pure fire is called fire^ felar matter^ light and heat : 
under this idea it is conceived to be a fiabftance efiTentially 
fluid, compofed of particles very fubtlc, and continually agi- 

A tated. 
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tated, though not always in the fame degree. The leameJ 
Beccari has proved that it exi(ls in all places, and in 
almoft all bodies, without being able to decide whether it 
l^e a conftituent and eiTential principle. A gentle friftioti 
of a globe of glafs in the eledlric machine, (hews that 
every thin^ partal^es of it; a^d two hard bodies rubbed 
violently together gradually gr^w wacm, and at length emit 
fparks and flame according to their feveral qualities. 

2. Fire, which feems to pafs from a fluid to a folid flate, 
and become a part of the body, as the infi;{mmation of 
fome bodies evidently (hews, is called combuji'tble matter^ 
jtilfhuvy the food of fifi^ ^v^ phhgijlon. 
'•' 3. One of the diftin(5l charafters of fire> confidered as 
folar matter, light, &c. (i.) is to eafily penetrate bodies, 
by infmuating itfelf into them equally, and expanding them 
{o as to caufe a disjunction of the component parts when in« 
troduced in quantity. But the facility with which fire effefls 
this is different, according to the qualities of the bodies it 
enters : there are even fome which, far from being dilated 
by the adion of Ere, are contracted ; as wood, animal bo- 
dies, &c. 

4. Another charafier of fire is, to render fubflances lu- 
minous, either by means of the flame which breaks frotn 
them, or by their becoming red. 

5. Fire, confidered as combuflible matter, fulphur, phlo- 
gifton, &c. (2.) caufesno change in the body in which it 
refides, nor does it communicate to it either light or heat, 
unlefs it pafs from a quiefcent flate to ignited motion, or 
inflammation. 

6. The different effects of the firft fpecies of fire may be 
confidered under thr<ie Iieads. 

1. In a determined fpace. 

2. As adlually cxifting in a body. 

3. With regard to the manner and law in which it 
enters and expands bodies of different natures. 

7. Confidering fire in a determined /pace, we find that, 
as its quantity and velocity may vary, fo alfo in the fame 
proportion will its ad^ivity and eflicacy.be different; as may 
be obfcrvcd in burnin;: glaffes, reflefling telcfcopes, &c. 
The adiviiy and efiicacy of fire can only be afcertained by 
the expanfion of bodies, and the disjundion of their parts ; 
but luiherto tlie method of meafuring exactly not only the 

quantity 
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qiSantity and velocity of fire feparately, but eveh hs ibfolute 
effcds on bodies, are unknown. The point to which z 
body entirely deprived of fire can be condenfed is equally 
undetermined with the firft ihfiant of its expaniion. The 
condenfation of mercury, produced by a certain quan- 
tity of fal ammoniac and fnow mixed together, is, in the 
conftrudion of thermometers^ the loweft point that wo 
know; while that^ from experiments made in more northern 
climates, it is clear that mercury can be much more conn 
denfed. In the conftru&ion of pyrometers, the J)oint of the 
greateft condenfation depends on the variabk temperature 
of the atmofpherci Thus thefc two inllruments ferve only 
to (hew^ by their graduation, the difference of expanfion^ 
occording to the degree of fire that they contain or are 
penetrated with. 

8. The ildtivity of fire confidered as aflually exifting in 
a body, (6. N^ 2.) depends not only on the quantity and 
velocity of the Ignited matter, but alfo on the mafs of the 
body in which it exifts. On attempting to reduce two fluids 
of unequal denfity to the fame temperature, the moft denfe 
requires the greateft degree of heat : thus, when the activity 
and degree of fire which the two bodies contain are pro-- 
portional to their refpeftive mailes, they arc equaly hot. 
On touching two bodies of unequal denfity, reduced to the 
fame temperature, the moft denfe appears the hotteft; be- 
caufe the hand being in contact with a greater number of 
particles in the denfer body, the fenfation excited is propor-* 
tionally ftronger. 

9. The manner and law (6. N°3.) under which ^rc 
penetrates bodies, is modified by the degree of its adtivity^ 
the time of application, and the fuperficics, quality, and mafs, 
of the fur rounding bodies ; for fhould any one of thefe 
circumflances vary, a different modification will refulti Put 
into the fame fire two pieces of iron of the fame qu?.l:ty, 
but of different fizes, the fmaller piece will become hot 
much fooner than the larger one ; and if the furface of tho 
larger piece be increaftd by flattening 't with a lummcr, 
it will become hot in lefs time. This liiverfity of cfledis 
may be equally remarked on comparing a piece vi iron with 
a f^onc, or any other body, put into the fame firo. 

Thefe obfervations on the facility wirh which fire insi- 
nuates itfclf into bodies, are equally applicable to ti;e taciliiy 
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v^ith which it quits them, and diverges from Its focus : for 
when the quantity of fire in any body is greater than in thc^ 
atmofphere or other furrounding bodies, it quits that body, 
and removes from it, fpreading itfelr equally on all (ides ; 
its activity diminifhes in proportion to its diflance from the 
body which it quitted, and its extenfion depends on its 
excefs over the external fire, on the time of application, 
the fuperficies, quality, and mafs, of the furrounding bo« 
dies. 

10. Having thus examined the4rarious circumdances that 
tend to modify the efFefts of fire, let us now conlider thefe 
modifications with refpefl to the ignition and defiruiSlion 
of combuftible bodies. Whether the ignited motion excited 
in a combuftible body appears under the form of flame, or 
burning coal, it is always' produced in two manners; either 
by applying to the comhujiihie body a quantity of external firey 
or by increajing the motion of the fire that extjfs in it, 

11. From the facility with which combuflible bodies take 
fire, they may be ranged in two clafles. In the firft may 
be placed fpirits of wine rcdified, fulphur, &c. in which, by 
applying fire to any one part, it i» communicated to the 
whole mafs, fo as to produce a total deftrudlion. In the 
fecond clafs may be ranked coal, the greater part of vege- 
tables, &c. in which fire can be propagated only by a con- 
tinued application ; by increafing the motion in the ignited 
parts; or by placing the bodies in fuch a manner, that the 
fire, in efcaping from the burning panicles, may meet almoft 
inftantancoufly thofe not yet ignited. 

12. The degree of ignition varies according to the dit 
ferent qualities of the bodies themfelve^ ; for a greater degree 
of fire is requifite in proportion to the rarefaftion of the 
furrounding air, or to the difiiculty of removing frpm the 
ignited body fmokc or other fubftances which do not ferve 
as food to fire. In both thefe cafes, it is necefiary either 
continually to apply frefh fire, or to increafe the motion 
of that which already exifts in the body. 

13. From thefe premifes, it may be inferred, that fire 
admits of infinite diverfity in its effedts, arifing not only 
from the time of application, the fuperficies, quality, and 
mafs, of the bodies to which it is applied, and which fur- 
round it, but even from the modifications tliat enfue from 
the quantity and velocity of the ignited matter. 

14. Where- 
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14* Wherefore, the force of gun-powder fired in muf- 
^uets, cannon, mortars, mines, &c. being in proportion to 
its mflammation, its efFeds mud inevitably be modified by 
the quantity and the proportion of the ingredients, the tem- 
perature of the atmofphere, and other circumfhnces that will 
be hereafter pointed out. And fince it is not in our power 
to determine every point that afieds its inflammation and 
total confumption, we cannot iyc always certain of producing 
the fame effeds with the fame quantity of powder fired from 
the fame piece of ordnance. 



C H A P. II. 

Of Sulphur, Saltpetre, and Charcoal, 

15. Sulphur is a fubftance compofed of vttriolic 
acid and a combujiible matter. It is ranked in the clafs of 
minerals, becaufe it is extra<Sled from the bowels of the 
eartJi. V/htn expofed to a moderate degree of heat, it 
liquefies, and fublimes in little tufts called flowers of fuU 
phur: thus it is purified -from heterogeneous fubftances by 
fublimation. 

16. The property of fulphur is to take fire, inflame, and 
be entirely confumed, when expofed in the open air to a 
Aronger nre than that which will liquefy it. It is made ufe 
of in the compofition of gun-powder, becaufe the ignited 
motion is eafily propagated in it. 

17. The facility with which fulphur takes fire and burns 
depends on the rarefa<SHon of the furrounding air. To 
burn it in an exhaufted receiver, it requires a continued ap- 
plication of a much greater degree of heat than would 
inflame it in the open air : the receiver fhould alfo be of a 
fize proportioived to the quantity of fulphur, led the con« 
denfation of the fmoke prevent its total confumption. (12.) 
The only method of decompofing fulphur is by burning ; 
which deAroys the cembuflible matter, and the vitriolic acid 
exhales in vapour. 

18. Charcoal, ufed in the compofition of gun-powder, is 
"defined to be a body compofed of a combuJitbU mattery and 
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p/ the denfe earthy particles contained in vegetables. In 
inaking charcoal, the vegetables are burned in fuch a inan« 
ner, that they do not inflame; and then the combuftiblc 
matter iinitei» itfelf intimately with the mod denfe earthy 
particles. Charcoal can only be decompofed by fire; which, 
;^t the beginning of the ignition, feparates the combuftible 
matter from the earthy particles; which are then termed 
binders. 

, 19. When charcoal is expofed in the open air to a fuffi- 
cient degree of fire, its property is to burn and be con- 
fumecl. It fometimes emits a little blue flame; but more 
frequently fparkles, and becomes red, without emitting any 
flame. If, in this (late, it be agitated by the wind, it 
appears of a more liyely and brilliant red in proportion to 
the force of the wind, and is fooner reduced to cinders* 
From this property it enters into the compofition of gun- 
I^owder. 

20. Generally fpeaking, charcoal appears red only when a 

greater degree of fire is applied to it than will bum fulphur : 
le propagation of the ignited motion, and its total con* 
iumption, are eflfeiSled more flowly than in fulphur. Thefe 
ffl^ects differ according to the quality of the charcoal : that 
which is the lighted, or which cQntains lead of the denfe 
earthy particles, takes fire and is confumed the quicked. 

21. The more the air is rarefied, (12.) the more diffi- 
cultly charcoal burns, and the greater degree of fire is 
requifite to keep it red-hot. 

21. Saltpetre is formed from a combination of the nitrous 
<icid with a fixed alkali. It is extracted principally from 
animal and vegetable fubdances, found in a putrefcent date, 
mixed with fiones, earths, and plaiders ; and is feparated 
from them by bqiling tliem in a water impregnated with 
a fixed alkali. The fait chrydalizes in long filaments, l^'ins; 
the one upon the other. ' This is the only method of puri- 
fymg it ; and mud be repeated two or three times, accord- 
ing to the quantity of the heterogeneous matters. When, 
by this procefs, the faltpetre has been well purified, it has 
always the fame properties, from whatfoever fubdances it 
may have been extra6led. 

23. Its properties are, to diflblve in water, more fully in 

boiling tiian in cold water; and to liquefy, by a greater 

degree of heat than is required to liquefy fulphur* If the 

■lieat be iocreafcd while the faltpetre is in fuiion, it fublimes 

in 
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in vifible particles ; which, colIe<Sing together on the upper 
part of the veflcl, are called flowers of nitre. To feparate 
the acid from the alkali, without putting the faltpetre in 
contadl with a combuftible body, it is neccflary to expofe it 
a long time to a very ftrong fire ; and even then the decom- 
poiition is brought about very flowly. 

24. If a coinbuftible body, containing a fuiEcient degree 
of heat, touch faltpetre, a very fierce flame is excited at the 
point of contadl, accompanied with detonation and a wind, 
which increafes the adtivity of the fire. In this operation 
the acid is feparated from the alkali, and dilTipated. The 
combuQible body is inflantly confumed, and the alkaline 
refiduum is termed decompofed or fixed nitre. 

25. This decom[k)fition of faltpetre takes place equally in 
the open air and in vacuo; provided that, in vacuo, the 
adion of the fire be fufficient to keep the combuflible body 
(12.) in a ftate of ignition. 

26. Saltpetre may be decompofed by fire irt two ways. 

1. By coming in contad with an ignited combuflible 
body when in a folid lUte. 

2. Or by communicating, when in fufion, the ignited 
motion to a combuflible body in contact with it. 

27. In the firft cafe, by applying burning charcoal, the 
decompofition begins and continues till the faltpetre or (he 
charcoal be entirely confumed. To effe<Sl the deftruflion of 
both at the fame time^ the quantity of charcoal muft be pro* 
portioned to the quantity f^i faltpetre. The better the fub- 
flances are mixed togethiir^ the more immediate will be the 
conta6l between the feveral parts, and the fooner will both 
be confumed. 

28. Burning fulphur not being able of itfelf to decotapofe 
faltpetre, charcoal is adcfed to it. Now charcoal of every 
kind burns when expofiod a fufficient lime to the adion of 
burning fulphur; yet tbi^ takes piace fooner or later in pro- 
portion to the dehfity^f thecharcoaU or to the quantity of 
denfe earthy particles ; wbcidbri^ that the fire produced 
from the fulphur may be fijfici^t to bu^n all the charcoal^ 
the quantity of each muft be exa<£lly proportioned, and at- 
tention paM> at the fattie rime, to the quality of the charcoal. 

When tlw proportion is determined, a quantity of falt- 
petre added^ and the three fubflarKes well ground toge- 
ther, in order to render the inflammation more inftanta- 
neous, even then the eHedts vary; for if the faltpetre be 
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in too great a quantity, the combuftible particles being 
too far feparated, the fire applied to one part will not be abio 
to fpread to the others ; or the combuftible particles, being 
in too fmall a quantity, will be confumed long before the 
faltpetre. If, on the contrary, the fahpetre be in too foiall 
a quantity, it will be confumed before the other two ingre- 
dients: wherefore, that the deftrudion of the three may 
begin and end at the fame time, they mud be mixed in a 
ju(l proportion. As foon as the faltpetre begins to be de- 
compofed, the wind (24.) generated from it, renders the 
heat of the charcoal more intenfe, increafes the ^dHvity of 
'the fire, and accelerates the total de(lru(5lion of the whole. 

(7-) 

29. This decompofition of faltpetre, by the application of 

charcoal and fulphur, is fimilar to the procefs that takes 
pl.ice when powder is burned in the open air, or in fire-? 
arms. 

30. It requires a greater degree of heat to decompofe 
faltpetre in the fecond manner (26. N° 2.) than in the 
firft. * 

Fig. I. To the plate A B of the pneumatic machine, 
fix a thin thimble C, of beaten brafs, with the con- 
vexity downward ; put into it a mixture of faltpetre, 
fulphur, apd charcoal; and apply a red-hot .iron con- 
cave in D, fo that it may exaftly admit the convexity 
of the thimble: in a fhort^time the mixture will ex- 
plode, and be entirely conf^tafied. Put again into the 
thimble an equal quantity of the fame mixture, and 
place above the plite a glafs receiver, frbm which pump 
out fome of the air, then^lhe red-hot iron being applied 
as before, the cxplofioh Sfrill not fo foon take place. 
If the air be entirely exhaMI^, the decompofition of 
the faltpetre will^Abt begin tflP^both it and the fulphur 
are liquefied, afRt f^ into ebullition. 

31. To burn powder te v^^o, the fecond method muft 
be ufed ; fin; it will not exptode before it be reduced to si 
f)ate of liquefaflion, and an ebulHtion enfues. 

32. On decompofmg faltpetre in either of thefe methods, 
if the veflel be fufferod to cool, jand a fmall aperture be 
t>pened, an air will be inftantly perceived to ru(h out, with 
a force proportioned to the quantity of faltpetre ufed in the 

experiment. 
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«cperiinent. This air proceeds from an elaflic fluid gene- 
rated at the decompoiition of the nitre, and is efTentially 
different from the fmoke which, after a little time, fixes upon 
the infide of the veflel, and produces no effect. On the con- 
trary, the elaftic fluid proves its force and efl^e^is after a 
confiderable interval of time ; whence may be inferred, that 
it is a permanent fluids and in it confifts almoft the whole 
force of gunpowder* It may be further obferved, that this 
force is always increafed by heat. 

33. When the experiment is made in the firft method, 
(26. N° I.) in a clofe veflel, with a quantity of fulphur and 
charcoal fufficient to decompofe the nitre, if the veflfel be too 
fmall, or a confiderable time be requifite to tStGt the decom« 
pofition, on account of the want of fufficient proximity in 
the nitrous and combuftible particles, the redundancy of the 
fmoke inclofed in the veflel will retard the operation, the 
combuflible body will lofe its heat, and recourfe mud be 
had to the fecond method of continually applying frefli fire. 

34. The following experiment pro^s that the permanent 
eJafiic fluid proceeds from the faltpetre alone. Let a quan- 
tity of fulphur and charcoal be burned in a dofe stOd^ the 
vefl!el be fu/Fered to cool, and a hole be opened, no wind will 
be perceived to ifliie : from this and other experiments, it is 
clear that no permanent fluid is produced by burning t(^- 
ther thefe two combuflible bodies. The fmoke, neverthelefs, 
is elaflic when hot ; but fo foon as it is deprived of heat, 
it not only entirely lofes its elafticity, but even abforbs a por- 

^ tion of the common air, and a part of the permanent elaflic 
fluid generated from the nitre, whenever this fluid inixes 
with the fmoke; as will be fliewt) hereafter. 

35. From thefe experiments, and others that might be 
made on the fame fubjed, the following properties^ may be 
deduced*-^ 

1. A certain degree of heat is requifite to fet fire to the 
combuflible bodies, and decompofe the nitre. 

2. The degree of heat muft be increafed in propor- 
tion to the rarefaiSlion of the furrounding air, or to the 
denfity of the fmoke. 

3. The decompofition of the nitre being always 
progreflTive, the more intimate the mixture, and the 
jufter the proportion of the combuflible ingredients, 
the fooner will it be effeded, 

4. In 
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4* In the decompofition of faltpetre, an claftic fiuiA 
is generated, which is permanent for a confiderable fpace 
€if tiaie» 



CHAP. III. 
Of GuN-POWDEii. 

36» Gu N-PO WD E R is compofed of very light char* 
cool^ fiiiphur^ and well-refined faltpetre. Thefe materials aro 
put into a wooden trough, where they are ground together^ 
Id render the contadl of the nitrous and combuftible particles 
intimate and equal throughout the whole mafs. The mix*» 
ture is occafionally fprinkkd with watcr^ to form an amal-^ 
gam» which is afterwards granulated, and prevent the finer 
particles of the (ulphur and charcoal from flying off, which 
Would necefl^rily alter the proportion of the compofition. 
The powder-maicers employ more or lefs time in the ope» 
ration of grinding, in proportion to the quantity of faltpetre* 
When they conceive that the ingredients are properly mixed 
together, they form from the paile thofe little grains which, 
being dried, obtain the name of gunpowder. 

37. There feems to be nothing in the fabric of gun- 
powder that can aher any of the properties of the conAituent 
parts, taken either individually or coHe£hvdy. (35.J The 
neceflity of having a combuAible body capable of producing 
the total and infiantaneous decompoiition of the nitre,, makes 
iulphur and charcoal requifite ingredients : folphur, becaufe 
k eafily takes fire, and propagates the inflammation^ though 
[he heat it produces is not fufficient to decompofe the nitre : 
charcoal, becaufe its inflammation, as well as the propa* 
gation of fire into all its parts, being flower, it acquires, when 
it becomes red-hot, a flronger degree of heat than the fulphvir,^ 
tnd is therefore more capable of producing the entire decom* 
pofition of the nitre. Therefore, from th^ir combination 
with a proper proportion of nitre, the mo(l inflantaneous 
cxplofion may be expe<51ed ; but if the quantity of nitre be 
too great, the fire communicating to the combuflible par- 
ticles with (b much the more difficulty a& the excefs is the 
greater, may produce no cflfcfts. 

If to a compofition of 14 parts of faltpetre, i of fulphufi^ 
uvd I of charcoal, a burning coal be applied, thofe part$ 

only 
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<HiIy of the mixture in contact with the coal will bum, the 
flame not being able to communicate itfelf to the other parts* 
If, on the contrary, the nitre be in too fmall a quantity, on 
applying fire to one part, the flame which breaks out at its 
decompofition is too weak to fpread itfelf to the others^ 
owing to the great diftance of the nitrous particles : the de- 
firudUon of the whole, therefore, requires a much longer 
time; and the quantity of peripanent elaftic fluid, on 
which depends the greateft force of the powder, is lefs ; as 
may be proved by burning a mixture of equal parts of ful- 
phur, charcoal, and faltpetre. 

38. That proportion which will mod readily produce the 
demufiionofalithecompofltion, and yield the greatefl poflible 
quantity of the permanent elaflic fluid in a given time, ought 
to be found out, and will conflitute powder of the bed qua* 
lity : it evidently appears, from the above experiments, to lie 
between the quantities there made ufe of, 

39. In the firft years that fucceeded to the difcovery of 
gun-powder in Europe, the proportion of the conftituent 
parts, and the fize of the grains, varied very much ; which 
gave rife to the feveral denominations ic has obtained. At 

' the beginning of this century, thefe proportions and fizes 
were almoft every where reduced to three; and at prefent, 
throughout all Europe, only one kind is ufed for military pur* 
pofes. 

As it will be fliewn in this trcatife that the properties of 
powder are modified by the qualities of the ingredients and 
the (izc of the grains, to fave repeated defcriptions of the 
different kinds of powder that may come under our invefli- 
gation, we will fuhjoin a general account of them, according 
to the various denominations that they are commonly known 
by ; with this obfervation, that whatever may be advanced 
concerning the modifications of one kind of powder is appli* 
cable to all others. 

40. Powder compofed of 5 parts of faltpetre, 1 of char* 
coal, and r of fuiphur, and granulated fo as to enter with 
eafe into the vents of new mufquets, is called fnufqutt pow^ 
der\ when the grains are three or four times larger, it is 
called cannon powder. Powder compofed of 6 parts of falt- 
petre, I of charcoal, and i of fuiphur, the grains of which 
are of the fame fize as mufquet powder, is called common war 
powder ; and obtains the name of fine war powder when the 
grains are about half that fize. Powder made with the fame 

proportioUji 
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proportion, and with grains of the fame iize, as the fine war 
powder, but with a lefs denfe charcoal, is ufed by fportfmen 
in (hooting ganne. When compofed of 7 parts of faltpetre, 
J of charcoal, and i of fulphur, and granulated as the fine 
war powder, it is called jfrf-avr)f, or rej dicing p^wdtr. 

41. We will now proceed to prove, that fired powder 
preferves conftantly the properties remarked in the combi* 
nation c^ its ingredients; (35.) modified, neverthelefs, by 
the exaiftnefs of the mixture, the fize of tlie grains, and 
other circumftances that will be pointed out. 

42. All degrees of heat are not fuificient to fire powder 
for if it be only fufficient to inflame fulphur, the efFeds before 
mentioned (28, 35. N° i.) will refult, as may be proved 
by throwing fevefal grains of powder near hot coals. The 
burning of the grains contiguous to the coals will be fo in- 
ftantaneous, as not to be diftinguifhable from the infiam- 
ination of the fulphur ; but the grains at a little difiance 
from the coals will emit, after fome time, a fmall, blue, 
lambent flame, which at length becomes brighter ; the in- 
tenfenefs of the fire increafes, and the gradual deflru6tion 
of the faltpetre is clearly difcemible; fome of the grains 
are confumed, while in others the blue flame difappears 
without producing their defiruftion : at length the more 
difiant grains become warm, without emitting any flame, 
or being confumed. This may be exemplified by putting 
fome large grains of powder on an iron plate, which may 
be put near to, or drawn back from the fire, in order to 
give it different degrees of heat ; or by direding upon them 
the folar rays, united by means of a convex glafs, as dif- 
ferent degrees of heat may be produced by augmenting or * 
dimmiihing the circle formed by the re-union of the rays. 

43. Thefe experiments prove that powder, like other, 
combuflible bodies, may become hot or inflamed, without 
being in the fame inftant confumed. It is neceflary, there* 
fore, to diflinguifh between the inflammation and tlie final 
deftruiSion of each grain: for fire, when applied to two 
grains of diflierent fizcs, does not always caufe any fenfible 
difference in their dcftrudion; yet there is a great difference 
in the force of two equal quantities of powder, made with 
the fame proportion of ingredients, of the fame quality, 
but differently granulated, as is feen on comparing can- 
non and mufquet powder* 

44- The 
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44.. The following experiment will prove that the d^ree 
of heat to fire powder ihould be greater in* proportion to 
the rarefaction of the furrounding air, or to the denfity of 
thefmoke. (35. N°2.) 

Plate I. Fig. II. To the plate A B of the pneu- 
matic machine, let a thin thimbk C of beaten brafs, be 
joined, with the convexity upwards. Let the iron M 
cxaftly fill the concavity D j and a moveable ring, F G, 
be fitted round the thimble, fo that on covering the con- 
vexity C with powder, part may fall on it. Then if 
M, made red-hot, be introduced into D, when F C G 
is covered with powder, in the open air, the powder will 
infiantly explode; but if a glafs receiver be placed upon the 
plate A B, and in part exhaufted, and the hot iron be ap- 
plied, the explofion of the powder on C will not be fo 
fudden as before, and part of that on F G will remain 
unaffefled by the heat, in proportion to the quantity of 
air left in the receiver. When the air is quite exhauftcd, 
the powder upon the convexity C will hquefy before it 
takes fire, after having emitted fcveral ebullitions ; then 
explode at once, and cover with its flame the powder 
upon F G : this will, neverthelefs, not liquefy ; and a part 
of it will remain upon the ring and plate, where it has been 
puftied by the blaft. 

45* This proves that the powder upon the ring, being in 
a very rarefied medium,' does not burn, though furrounded 
by the flame of the fired powder. In this cafe, the find 
powder fpreading itfelf on all fides in the receiver, which 
is much larger than the fpace occupied by the powder, the 
grains that remain unfired are only furrounded by a part of 
the flame. If the receiver were filled with powder, the fire 
indofed in a fmaller fpace would be more intenfe, but the 
quantity of fired powder would be proportioned to the 
rarefaction of the atmofpheric air contained between the 
grains. (Fig. III.) ABC is a funnel of bronze or iron, 
of which the part C C is made to fcrew on to V V of a re- 
ceiver of beaten copper V X Z, containing about 70 cubic 
inches. The part D F of the funnel, which is to contain 
the powder for the experiment, may be diminiflicd at plca- 
fure, by means of the rings G, of exaft calibre, and»of dif- 
ferent lengths, to be applied to the part F of the fpace D F. 
A HI is a canal conical from A to H, and cxlindrical from 

H to 



14 THE PROPERTIES 

H to I ; fhorter than the funnel A B C by half a diameter 
D D. The part K L of the iron rod K L M, fits the co- 
nical part A H fo exadly, that no air can pafs: the cylin- 
drical part is a little longer than H L The, capital N N O 
of brafs, of which the aperture O O is lefs than D D, can 
be faftened by the fpirals N N to B B. 

Let the fpace D F be fo diminifhed by the ring G, that the 
remaining part D P be entirely filled with the powder ufcd in 
the experiment; and let the' powder be retained by a hog's 
bladder tied faft to the thread of the fcrew B B. The fun- 
nel, thus charged, is fcrewed into V V of the receiver, 
place4 upon the bafe X Z^ which keeps the funnel perpen- 
dicular. Then if the iron rod be made red-hot, and prefled 
forcibly into the funnel, the point M coming below the bot- 
tom of the funnel I, without touching the bladder, will 
neverthelefs fet fire to fhe powder, and the bladder will 
burff* . If this experiment be made with 24 grains of can- 
non powder, when the receiver is placed fo that the lower 
aperture X Z fits a large tub or other veflel, no unfired 
grains of powder will be found ; but if the receiver be placed 
upon the plate of the pneumatic machine, and the air be 
half exhauded, y or io( the grains will be found unfired 
upon the plate after the'explofion; and if the receiver be ex- 
haufted, ^^ or | of the grains will be found imtouched by the 
fire. 

In thefe three modifications of the air in the receiver, the 
funnel is always charged in the fame manner, and with the 
fame quantity of powder; and the bladder tied fad in B B 
entirely prevents any communication between the receiver 
and the part D P of the funnel; fo that when the receiver is 
exhaufied, no change takes place in the part of the funnel 
that communicates with the external air by means of the 
little canal A H I ; and confequently, when the rod is intro- 
duced into the canal, the powder inclofcd in the funnel, and 
the air contained between the grains, remain in the fame 
date, whatever alteration be made in the air of the receiver ^ 
wherefore, the bladder burfting at the beginning of the in- 
flammation of the powder, the air which is between the 
grains in DP, fpreads itfelf into the receiver; and in pro- 
portion as it becomes more rarefied, lefs powder is fired. 
In each of thefe three different ftates of the air in the re- 
ceiver, it may be obferved, that the infidss D P of the fun- 



f^ are bronzed by the flame of the powder. As the pow- 
der firft takes fire in R, that which is placed above in P 
cannot fall upon the plate without paffing acrofs the flame of 
the burning powder in R ; fo that, in this experiment, the 
fire being inclofed in a fmaller fpace, is more a£live than 
in the former one ; (44*} yet all the powder is not 
fired, becaufe the air, on the bladder's burning, is too 
rarefied. 

46* But todeftroy all doubt ofthis property of gun-powder, 
let the funnel be charged as before, the capital N O fcrewed 
on to B B, and a wad put at the aperture O to retain the 
powder : then, if the bladder be tied fail in q q, and the re- 
ceiver be exhaufted, the quantity of fired powder will always 
be greater in proportion as the hole O is narrower ; and if it 
be nearly of the fame fize as the hole I of the little canal 
A H I, all the powder in D P will be confumed. In the 
preceding experiment, (45.) it was found, that when the 
air had been entirely exhaufted from the receiver, only 4 or 
-^ of the powder took fire, and that a great part of the flame 
fpread itfelf into the receiver when the bladder burft ; while 
that the remaining part expanded itfelf in D P, which it 
bronzed. On the contrary, in this experiment, where the 
aperture O O is narrower than D D, as neither the air con- 
tained between the grains, nor the flame, is able to pafs 
with the (ame facility into the receiver, they remain in much 
greater quantity in £) P $ the fire is therefore more intenfe, 
^nd confequently a greater quantity of powder is confumed ; 
indeed all the powder will be fired when O O is reduced to 
the fize of I. The fame efftQs take place with all kinds of 
powder, (40.) the only difference being in the quantity that 
remains unfired. 

47. It is then afcertained (44, 45,46.) that, in order to 
fire powder, the heat (hould be in proportion to the rare* 
fadion of the furrounding air, and that it is increafed by 
preventing the expanfion of the flame. It remains now to 
be proved, that the degree of heat mufl^ be likewife greater in 
proportion to the denfity of the fmoke. 

It has fallen within the obfervation of every artillerid, 
that when (hells fink into fliff earth with the fufcs down- 
ward, the fmoke finding no pafiage, the fire is extinguiflied, 
and the fhcll does not burft; but if they fall into water, the 
fmoke mixing with the water, the fire continues till the pow- 
der in the fliell explodes. Fufcs are gei;crul]y filled with a 
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mixture of mealed powder, fulphur, and faltpetre. Let twtf 
or three fufes, of the fame fize, be filled with cotnpofition 
of xiiiFerent degrees of ftrength; after being fet onlire,^ let 
them be buried in earth equally ftiff, or covered in any other 
manner, fo as to prevent the efcape of the fmoke ; it will be 
found, on taking them out after fome minutes, that the 
quantity of compofltion which is confumed is in proportion 
to its (trength ; (ince the denfity of the fmoke was the fame^ 
as the ground was equally folid. Hence, it is evident, that 
the greater the force of the fire, the greater is the confump^ 
tion of the compofltion. Care fhould be taken not to make 
it fo firong as to burft the fufes/ 

48. Having afcertained thofe two properties, it remains to 
demonftrate, that when fire is applied to grains of powder^ 
the inflammation of the contiguous grains, and the deftruc- 
tion of each individual grain, takes place progrefTively; 
(35. N^ 3.) and that the velocity with which fire fpreads 
itielf on all fides to inflame the contiguous grains, is greater 
than that with which it penetrates into the fubflance of each 
grain. It is too obvious to need infifiing on, that all mo* 
tion, however rapid or (hort it may be, takes up a certain 
time ; though to us, from the (hortnefs of its duration, it 
appears inflantaneous : confequently, the inflammation and 
entire deftruftion of powder produced by thQ aftion of fire, 
communicating itfelf to every thifig around, like rays from a 
centre, muft neceflarily take place in a determined fpace of 
time; which varies according to the ftrength of the fire, the 
proportion of the ingredients, the nicety of the mixture, 
and the fize of the grains. 

When a fufficient degree of fire is applied to one grain of 
. p9\{»^er, it firfi ads upon the furface, and then penetrates 
towards^lhe centre. (43.) As the furface burns, a flame is 
cjjjcited. which catches the neareft grains; if the degree of 
heat be fufficient, and the furrounding air not too much 
reefed. . In the mean time, the fire which attacked the firft 
grain > continues its ziXion towards the centre till it be totally 
.cpnfi^aicd. There are then two diftinft aftions in the in- 
flammation and the total confumprion of powder : the firft is 
the . expanfion of i'k* inflamed fluid; which, fpreading itfelf 
from the furface of the burning grains, furrounds the conti- 
guous ones: the fecond is the penetration of the fire from the 
Airfare of each grain towards its centre. But the flame al- 
ways fprcad:» Willi more rapidity between the intervals of the 
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Other grains, than it penetrates towards the centre of each 
grain. 

49. The following obfervation will prove that a deter* 
mined time is rcquifite for the confUniption of each grain. 
Make, of the common mixture, fome grains of powder as 
large as piftol bullets ; dry, and fet fire to them : it will then 
be feen that the fire penetrates from the furface to the centre, 
in a longer or a fliorter fpace of time according to the fize 
of the grains ; (o that if there be no difference between 
thefe large grains and common ones than in fize, it may be 
inferred, from analogy, that the fmallefi muft require a cer- 
tain fpace of time, however fhort. It is likewife clear, that 
the fiaine, in fpreading itfelf from the burning grains to the 
contiguous ones, takes up a' certain fpace of time; as may 
be exemplified by fetting fire to a train of powder. 

50. An experiment will prove, that the adion of fire is 
alfo progrefiive when applied to powder ^confined in a 
vefiel; where the burning fluid being more denfe, is alfo 
more ad^ive than when powder is burned in the open air. 
(Fig. III.) To the funnel charged as hcfort^ (45.) let 
the capital N O be fafiened, with the aperture O of fuch 
a fize, that the receiver being exhaufied, only ^ or y of the 
powder contained in the funnel may take fire. Introduce the 
red-hot rod, and leave it to cool ; then admit by degrees the 
air into the receiver, and loofen carefully the capital from the 
funnel. If proper attention has been paid in this procefs, it 
will be feen— 

1. That nothing touches the point M of the rod; as 
the powder being burnt all around, leaves a cavity 
nearly fpherical. 

2. That each of the grains which form the fides of 
the cavity are burnt a little towards the concave fide; as 
may be difiingutfhed by the fixed nitre, and the fmooth 
furface of each grain. 

3. That the grains which are between the interior fur- 
face of the funnel and thofe which form th^ fides of the 
cavity, are whitened by the flame of the fulphur, and 
that the fides of the funnel are bronzed. 

It is then proved, that the fire both fpreads itfelf between 
the intervals of the other grains, and penetrates from the 
furface to the centre of each grain progreflively. 

51. But it is not fufficient to have proved that the burn- 
ing of each grain, and the inflammation of the contiguous 
ones, are progreflive ; it is neceflkry further to (hew, that the 
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tdivify with which fire fpreads itfelf between, the interfticet 
of the grains, is greater than that with which it penetrates 
frbm the furfiace toward the centre of each grain. If we con- 
fider that the inflamed fluid, in pafTing between the grains, 
meets no other reiiAance than the common air, which is 
e^fily penetrated, by reafon of its rarefadion ; and that the 
lire, in infinuating itfelf from the furface toward the centre 
0f the grain, mud pafs through a fubflance much more 
Ifetife ; it is evident, that the reliftance in the fecond cafe 
being greater than in the firft, the fire muft confequently be 
flower in its progrefs. 

The following experiment will fervc in proof of this af- 
fertion. Let a pillol barrel, with the vent clofed up, be 
fitted with powder to the muzzle : on applying fire to it, 
the barrel will inflantly empty itfelf, with an explofion. 
Let it be again filled with powder well comprefTed, fo that 
the interftices between the grains may be as fmall as poflible, 
and form, as it were, a folid body ; the time that the barrel 
will take to empty itfelf will be fenfibly longer than before. 

The great velocity with which the inflamed fluid pafles 
from the muzzle to the breech of the pidol barrel, between 
the interftices of the grains, is obfervable in the firft expe- 
riment ; and, in the fecond, it is feen how much this velo- 
city, from the neceflity of penetrating the powder itfelf, is 
retarded. 

52. From the three preceding paragraphs, the following 
pHnciples are deducible. 

1. That in burning two equal quantities of powder, 
made of the fame compofition, but differently granu« 
lated, as cannon and mufquet powder, the latter will 
be confumed in lefs time than the former; becaufe the 
grains being fmaller, (40.) prefent to the fire a greater 
(uperficies, and produce, at the firft inftant, the in- 
flammation of a greater quantity of matter ; which is 
confumt J lb much the fooner, as the fire has lefs fpace to 
pafs through from the furface to the centre of each grain. 

2. That this depends not only upon the fize of the 
grains, but alfo upon the facility with which the fire 
pafles between them. On the other hand, the grains 
ftiould not be too fmall ; for then the interftices will 

. be fo diminiftied, as to admit the flame to pafs with 
difliculty; and they will be fo compad, as to form, 
as it were, a folid body. 

53. Tht 
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53. The grains of powder are generally of a very irrq;u]ar 
form and uneven furface; whence arife many varieties in 
the quicknefs of its inflammation and explofion. To re* 
medy thefe inconveniencies, fome manufadturers put the 
powder into a barrel fufpended by two pivots; and having 
turned it for fome time, feparate, by means of a fcreen^ the 
duft from the grains ; which are^ by this operation, fuffi- 
ciently fmoothed and rounded. On comparing powder 
made in this manner with powder of an irregular form and 
uneven furface, the latter is found to take fire more quickly^ 
though the proportion of ingredients be precifely the fame in 
^th. Neverthelefs, as the interftices between the round 
grains are larger than between grains of an irregular figure, 
and as upon them the quicknefs of the inflammation greatly 
depends, the round grains may be fo fmall, that the interflices 
being equal in both, the fire may be able to fpread itfelf 
equally, and confume the powder with the fame rapidity^ 
and as powder of an irregular grain takes fire more eafily 
than fmooth-grained powder, a proportional fize might b^ 
£xed on which would caufe the latter to inflame with greater, 
or at leafl equal promptitude. 

54. As thefe properties are common to all kinds of pow- 
der (40.) that are well made, of proper ihaterials, and 
equally dried, varieties in their tSe&$ can only refult from 
the different proportion of the ingredients, the fize of the 
grains, their figure, and fmooth or uneven furface. If the 
ingredients, however good in quality, are not well mixed 
together, the powder will not fo readily bum, and the dif^ 
ference of the effeSs will be very fenfible. 

55. The following experiment will prove, that fh>m fired 
powder a permanent elaftic fluid (35. N^ 4.] is produced in 
great quantity, upon which depends its principal force* 
(Fig. iV.) A B C Z is a hollow cylinder of bronze, with 
a fcrew at B C to receive D £ F. G G is a key to open 
or (hut the communication between the parts of the funnel 
H H. To the fpiral F F, fix the air-gun M M, to receive 
the elaflic fluid generated in the cavity B P; and fcrew D £ 
into B C. Put the powder into the cavity ; and fcrew I K L, 
made of bronze, into A P. Lm is the vent; noz fmall 
moveable plate of iron, to which is faflened a fufe ^, and 
joined to the pin K, &c. f r is a fmooth bar of iron, made 
to Aide in a groove by the fpring V y, which keeps it in the 
pofition / X, when not forcibly held back ', and clofmg the 
vent, totally prevents the paflage of the air; fo that, when 

fi2 tlie 



20 THE PROPERTIES 

the jbvcral parts are properly adjufled, and the bar of iron f r 
is in the pofition t j, the eladic fluid inclofed in the cavity 
B P, though very much condenfed, cannot efcape. Qj(^ 
are pivots, or trunnbns^ to fupport the macbine. 
' In this experiment the machine mull be placed vertically, 
that the powder contained in the fpace B P may red on B A; 
the little funnel H h having been previoufly filled with hog's 
lard, that the powder, when fired, may not adt immediately 
oa the k^ G G, and prevent it from being drawn out. By 
Qcans ol a thread of filk, faftened with two little nails at 
the bole m, the iron qr is held back, the fufe is charged 
W[ith powder, and the vent htn primed. Then I K is 
f^rewed into. A P, and fire applied at L; which, communi- 
cating by IS, fettiire to the fufe in o\ and burning, at the 
Hime time, the f^read of filk, fets at liberty the iron qr\ 
which, pi^e4by the ipring V j^, Aides into i/, and clofet 
thebfi^Ciw. The fufe burns from o to p^ and fets fire to the 
powder in B X : the vent being clofed in m \ and, for greater 
certainty, a Uttle fcrew introduced into L. 
" (FiUt. v.). . Wh^n M is judged that the powder in B X is 
jGr^;iwhiph.^n only . be known by the heat of the cyliAdqr 
AtAf C i^ asipaniotipn ,€a|i bg percdved, let a bullet be pat 
ittf9.t)Hiair^ntt9Pd the machine be pointed againft a plank, 
by.fSlfmiiOf t|if;fcttiicircle of iron B B, which can be flopped 

gO; ii^aoi^ 4f re^ijion ; then giving a half turn to the key 
.(i^ri^Mt the. cavity B P 'may communicate with the bore 
of ^^ihftf IMfrgufi, on touching the trigger A the bullet is dif- 
chaifgfdiwitjhi^vfloiqitty, and impinges on the plank with the 
£in^force af yrpuU JMye been , produced by a very great con- 
denfation of air. 

>j.;Xhe<avi^'BP wiU'Cpntaintten ounces of powder, but 
•With, one gun^ onjy, (ixtce^or eighteen bullets may bedif- 
char§e4 .iTucodfively, and ^t the diftance of forty paces, each 
bullet ,wUl: p^ through a fir plank half of an inch thick. 
After .thefe difchargss, if the key G G be turned as it was at 
firft^ the air-gun, be unfcrewed, a large bladder fattened in 
its place, and the key again turned, the bladder will be filled 
with an invifible fluid. \ which, being clofe tied up for feveral 
days, will nor fenfibly diminifh in bulk. In the coldefl wea- 
ther it is equally elaflic ; fo that, confidered relatively to its 
claflicity, it may be compared to the atmofphcric air. Un- 
fcrewing K I, the infule B P X will be found covered with 
faliiie parti<;}es \ which, collected and examined, form a fixed 
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alkali that eafily attrifis moiflure, and falls in deliquium tvherf 
cxpofed to an air abounding in vapour. 

56. Since the fluid generated at the burning of powder 
prefcrves its elafticity for a long time, it follows, that at the 
inftant of explofion its elaftic force muft be the greateft. 
In proof of this, let a barometer be fixed to the pneumatic 
machine ; and, having exhaufled the receiver, apply fire to 
the thimble. (Fig. I.) At the inflant of explofion, tlie 
aiercurial gage defcends rapidly, then rifes ; and, after fome 
ondulations, feems to fix, for a time, below the point where 
i^wat before the explofion. This apparent fixation (hewt 
that the elaflic fluid is reduced to the temperature of the air; 
and the finking 'of the mercury, in the beginning of the ex* 
perimeur, proves that the force of this fluid is much greater 
at the inHant of the explofion than afterwards. If, inflead of 
burning the powder in vacuo, it be fired in the open air^ the 
elafticity of the fluid wiH be .greater during the application of 
fire than ^hen its effefls totally ceafe. 

57. From thefe premifes (32, 34^) it may be inferred, 
that thequantity of the permanent fluid is always in propcMtioa 
to the quantity of nitre contained in the powder, fince it 
alone produces the fluid ; as fulphur and charcoal, when 
burned, produce none. Other experiments might be made 
to confirm this, by burning different quantities of powder, of 
the fame or difTerent qualities, under the receiver of the 
pneumatic machine ; exhaufling the air to the fame degree 
in each experiment, and obferving the apparent fixed point of 
the mercurial gage : it would tl:en be feen that it fenfibl/ 
falls or rifes in proportion to the faltpetre contained in tl^ 
diflferent quantities of powder. 

58. Though the penetration of the bullet into the plank, 
and theapparent fixed point of the mercurial gage, (55, 56, 57.) 
1^ the effe£ts of the permanent fluid generated from "the 
faltpetre, yet they ought not to be attributed Iblely to that; 
as the fmoke and the common air contained in and between 
the grains of powder, are alfo rarefied by thf adion of the 
fire. 

C9. From all experiments hitherto made qpon fmoke, it 
h found to be elaflic while hot ; wherefore it is rcafonable to 
conclude, that the fmoke produced at the explofion is one of 
thecaufes that concur to give it force : but when cold, it not 
onlyceafes to be elaflic, but even abforbs a portion of the 
pelmancnt fluid. It is impofliblc, at the explofion, by fepa- 
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rating the fmoke from the elaftic fluid, to determine the at>« 
folute force of each ; yet it may be fafely inferred^ that the 
greater part of it depends upon the permanent fluid. 

6o. The common air that is within and between the 
grains contributes likewife, by its expanfion, to the force of 
the powder when tired. Its abfolute force might be eafily 
determined ; but is very fmall, in comparifon of the elaU 
ticity of the permanent fluid generated from powder. 

6i. Tlius^ the diminution of the ranges of fire-arms, when 
healed by frequent difcharges, or when the air of the atmof- 
phce is more rarefied, ought not to be attributed to lefs 
elasticity in the air, but rather to the fecond property of 
powder; Ahere^ being fired in a rarer medium, lefs takes 
fire though *he fame quantity be ufed ; and hence the range 
is (hortened, as will hereafter be more clearly proved. 

6a« For the. fame reafon, the increafe of force obtained 
by triturating powder for a long time, and the force which 
damaged powder . refumes after having undergone a firefh 
proceis, proceed hot, as fome think, from the greater quan- 
tity of air comprefled into the fubftance of the powder, but 
Amply from a motctxz& robcture of the ingredients, whence 
they more eafily and generally take fire. 

63. fa i|luitr|.rion of this remark, it is fufllicieot to ob* 
fervc,^ that the beft manufaiElured powder is liable to be da- 
maged by exceflive heat or moifture. The powder-makers, 
in drying powder, take care to Air it frequently, and fuffer it 
to cool before they put it into the barrels ; as they pretend 
that it ferments wlien very hot : and in fad, if, when much 
heated, it he clofcd up in a barrel for fome hours, and after- 
wards poured gently upon a cloth, a great part of the grains, 
efpecially thofe towards the middle of the barrel, will bo 
caked together 1 on examining them carefully, it will be 
found to be owing to the great heat/ which having liquefied 
the fulphur, it glues the grains together when cold : but this 
never happens if the powder be aJlowed to cool before it is 
put into the barrel. A partial or total liquefadion of the 
fulphur is always prejudicial to the inflammation and quick 
dcliruvflion of the powder, (27, 28. ) as it deflroys the txzSt 
mixture of the ingredients, which can be only recovered by 
fubje£tin^ it to a frefh procefs. If the heat be not fufiicient 
to liquefy the fulphur, a large quantity of du(l, confifling 
principally of fulphur and charcoal, will be found in barrels 
of powder that have been long manufadured and expofed to 
damp. The powder from which this duft is detached will 

be 



OP GUN-POWDER. 23 

be altered in quality; and while the interior of the grains, 
from which the fulphurand charcoal are fallen ofF, continue in 
the fame (late they were in when made, tiie exterior wi]l have 
loft the greater part of the fubftances neceflary to facilitate the 
inflammation. Thus, on applying fire to thefe grains, the 
furface burns flowly till the fire penetrates the interior, and 
meets a fuAicient quantity of fulphur and charcoal ; the 
powder muft therefore have become weaker. Now, if the 
powder, thus reduced in (Irength, be manufactured again, 
the grains will become homogeneous both internally and ex- 
ternally; but, owing to the diminution of the quantity of 
fulphur and charcoal, they will be altered in quality, unce 
the faltpetre will be in greater proportion than either of the 
other two ingredients ; fo that if, before the powder be- 
came damp, it was not very Arong, it will now have become 
much ftrongcr; but, on the contrary, ifit Was as ftrong as 
pofTible before, and the ingrediehts f^S.) well -proportioned 
and intimately mixed together, it Wiil in this new operation 
have Iol\ part of its flrength, fledce it may be inferred, that 
grinding fervcs only to moc the idgredtents together; and that 
when there is a perfefll'cbritait between the rtkrous atld com- 
buni]>le particles, it" is ufercfs'a/iy'Iofiger to continue the 
operation. '" ' 

64. Powder, howevef well dried and fabricated it may 
have been, lofes its flrdtigth whien allowed to become damp. 
If daily obfervations on powder, put into damp magazines, 
and carefully preferved in barrels, are not fufficienr to efta- 
blifh this fadt, the following experiment will render it irtcon- 
teitablc. 

Let a quantity of well-dried powder be nicely weighed, 
and put into a clofe room, where the air is temperate, and 
feemingly dry, and be left for three or four hours; on weigh- 
ing it again, its weight will be increafed. This fame pow- 
der, expoicd to an air loaded with vapour, acquires much 
additional weight in a fhort time. Now the iiicreafe of the 
weight being proportional to the quatitity of vapour con- 
tained in the atmofphere, and to the length of rime that 
the powder is expofed to it ; it follows, that powder eafily 
attradh moifture. 

65. Wherefore, if a degree of heat, fufficient only to firo 
dry powder be applied to powder that is damp; the moifture 
will oppofe the ad^ion of the fire, and the grains either will 
not take fire at all, or their inflammation will be flower: 
thus, as the fire will fpread more flowly, fewer grains will 

B 4 bums 
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bum ; and the penetration of the fire from the furface to the 
centre of each grain, and confequently their conrumption, 
^riU require more time. Whence it may be concluded, that 
all degrees of moifture dimini(h the force of powder. Salt- 
petre, not fgfficiently refined, attrads moiAure very readily ; 
and as the fubftances that render it impure leflen the quan- 
tity of fluid, and prevent its detonation, it (hould be 
renned as much as poifible before it is employed in the fabri- 
cation of gun-powder. 

66. In drying damp powder, the degree of heat Ihould be 
moderate. (63. ) When any of tlieliiltpetre has beendiflblved, 
it (hould b« ground afre(h, to edablifh a juft mixture of the 
ieveral ingredients ; and if part of it be abfolutely loft, which 
may be known by pafling a certain* quantity of the powder, 
well dried and weighed, through a fieve, it will be neceflary, 
before it is ground, to add the quantity of faltpetre that is 
deficient. 

67. Having thus (hewn that the force of powder is owing 
to an elaftic fluid generated at the explo(]on, the fuddennefs 
of which depends upon the proportion of the ingredients, the 
contad between the nitrous and combuftibie particles, and 
the fize of the grains, &c. it may be concluded, that when 
feveral powders, equally well dried, and fired under the fame 
(hte of the atmofphere, are compared together, that which 

!>roduces the greatcft quantity of the elaftic fluid, in a given 
pace of time, is the (faronge(l. 



CHAP. IV. 

The Properties of Powder are the same 
IN Fire-Arms of all Calibres. 

68. JlIaVING proved that every degree of heat is 
not capable of firing powder, and that its force depends on 
the elafiic fluid generated at the explofion, it is needlefs to 
adduce any more arguments in fupport of- this fad; but 
with regard to the fecond and third properties (44, 48, 49.) 
of powder, which are undoubtedly of greater confequence, 
and have often, for want of due invefligation, occafioned a 
.difference of opinion among artilleri(tS) in treating of the 
proper charge and length of guns, it is nece(rary to be more 

particular. 
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panicular. Thefe two properties, as well as. the firft and 
fourth, hold good in all fire-arms, and in every other cajf jt;y. 
iwhere powder is burned ; they are alfo modified ,by the fame 
caufes, (41.} and by others that will be hereafter men- 
tioned. ^.^. . 

69. The fecond property is obfervable in all fire-arofs, 
when, on applying fire to different quantities of the fao^M: 
powder, either the whole or a part only of the grains tal^ 
fire, in proportion to the Arength of the fire, and the deiiCty 
of the inedium. For example, if a quantity of cannon 
powdetf be all burned in a gun of large calibice, thejiqae 
qiianti^, in a piece of fmaller calibre, will not be. all byrned. 
In the/ fame piece, charged with different quantitk&oJf^pow« 
der, l)ie fmaller charge will entirely explode, while a part 
only of the larger will be confumed. If, in thelargefi dbairget 
the refUlance to the explofion be increafed by a.htg(i wad» 
(hot, &c. a greater quantity of powder will burti th^ui whea 
the piece is fired with a common wad, and without ibot« 
Thefe varieties conftitute the fecond property of.powdei::* 

(44, 45, 46* 47-) .: 

70. The tliird -property of powder is equa)j|y,phfervail4c in 
all fire-arms. The inflammation of eacbs^&io, .apd qf.the 
contiguous ones, being progrefTive in all kinds of powder, tlie 
varieties that occur arife not only from the (ia^c. or tl^e. grains, 
and the proportion of the ingredients, but alfo from, the 
fize of the veflel in which the powder i^ fired. For example : 
if in two vefiels, of unequal fizes, two equal quantities of 
powde^'be humeri the fire in the fmalleft veflel, being moft 
intenfe, accelerates the deflrudbn of each grain, and all the 
powder is confumed in lefs time than in the larger veffel. 
The fame circumflance occurs, when two equal quantities 
of powder are burned in vefTels of equal fize ; one of \which 
refifis the adion of the powder, and the other btirfls at the 
beginning of the explofion : the heat being more inteafe in 
the veffel that reflfls than in the other, the dcfb^^iion of 
each grain is accelerated. \, ^' 

71. To prove that the inflammation of pQ]wrder Tn fire- 
arms of all calibres depends on the denfity of the air con- 
tained between the mins, and the degree of fire that fur- 
rounds them, (69. J let a mufquet or piflol barrel be filled 
with powder to four or five diameters ; let a fmall wad, made 
of a fubftance not eafily combufUble, be lightly comprefled 
upon the powder i and let the piece be fired ipto a vcilel madle 

on 
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on purpofe to receive thedifcbarge : a certain number of graioi 
will be found unfired; let thefe be colieded and weighed. 
If this experiment be repeated feveral times, with the fame 
piece, and with the fame quantity of powder of the fame 
quality, and the piece be fuSerea to cool after each dif- 
charge, the number of unfired grains will be always nearly 
the fame. Inftead of repeating the experiments with the 
fame piece, let two or three, of the fame calibre, but the 
lengths of which are in the ratio of i, 2, 4, be charged with 
the fame quantity and quality of powder, and fired as above, 
the fame number of unfired grains will be found in the veflel ; 
which proves that the additional length does not contribute 
to the inflammation of a greater number of grains, provided 
that the experiments be made with dry powder, and in a 
very dry day. Thefe effe6b equally take place in mufquets 
or cannon: for if a thirty-two-pounder be charge^ with 
81b. 50z« of powder, carefully eolledted together in the 
chamber, and lightly comprefled with a wad, and the gua 
be fired horizontally upon hard fnow or ice, a great quantity 
of dirt will be found before the muzzle of the gun, but 
hardly any unfired grains of powder; but if the gun be 
fired with 251b. of the fame powder, a number of unfired 
gjrains will be found : again, with 50 lb. of powder, the 
number of unfired grains fcattered upon the fnow will be 
greater. It evidently refults, from thefe experiments, that 
in all fire-arms the quantity of powder that burns is limited. 
It now only remains to be proved, that this proceeds from 
the intenfity of the fire, and the denfity of the air contained 
between the grains ; and that when thefe caufes vary, the 
quantity of powder that is burned in the fame piece varies 
alfo, though the charges be equal. 

72* When one of the barrels is charged with the fame 
quantity of powder, of the fame quality, if a very high wad 
be rammed on it, or the refifiance to the explofion confi- 
derably increafed by any other method, after the difcharge, 
fewer unfired grains will be coliedted. This not only cor- 
refponds with the refult of former experiments, (46. ) fince 
the degree of fire is increafed by the refinance, but ferves to 
confirm the progreflive inflammation of the grains. But it 
fliould be remarked, that the increafe in the quantity of pow- 
der that takes fire is not always proportional to the increafe 
of the refifiances for, under fome circumftances, a flight 

refiftancc 
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refifttnce caufes a more intenfe fire than a much greater one 
does in others. 

The experiments made with tlie machine defcribed in the 
third figure, prove that a difierence in the denfity of the air 
between the grains produces varieties in the quantity of pow- 
der that takes fire ; the following fimple experiment will fur* 
dier confirm it. Let a mufquet be charged with a full quan- 
tity of powder, with a fingle wad, and fired into a large 
veffilj. when the air of the atmofphere is very denfe and dry; 
let it be again charged precifely in the fame manner, and 
fired when the air is rarefied, as it is fometimes in fummer, at 
two or three -o'clock in the afternoon ; and, to render the 
cffeds more ftriking, let the barrel be heated by expofore to 
die fun. If the powder, after each difcharge, be collefled 
and weighed, a much greater number of unfired grains will 
be found aftier the fecond than after the firft : now the only 
difierence between them being in the denfity of the air con* 
tained between the grains, it is evident that this mufi be the 
fole caufe of the varieties that take place. The decreafe in 
ranges, obferved in very hot weather, or when the guns are 
much heated by preceding difcharges, ought not to be attri-^ 
buted to the Ids elafticitv of the air, fince its a^on, com-* 
pared to that of the elaitic fluid generated from powder, is 
hardly fenfible ; the true caufe is the rarefadion of the air^ 
whence lefs powder takes fire. 

73. Thefize and pofition of the vent render this pro- 
perty of powder fubje<% to other varieties. On firing two 
pillols, of the fame calibre, but the vent of the one larger 
than that of the other, fewer unfired grains will be found in 
the Teflel fix>m the former than from the latter. The fame 
circumftance occurs when the vent of the one is fituated at a 
greater difiance from the bottom of the bore than the vent of 
the other, though they be equal in fize. 

74. The charges that at each elevation produce the longed 
rai^ges, depend alfo upon this property of powder. It is 
neceiGuy to vary the charges according as the denfity of the 
air contained between the grains dififers, as the elevation is 
altered, or as the atmofphere is more or lefs loaded with 
vapour. Thus it conftantly happens, that on firing at the 
iame time two pieces of the fame calibre, but of unequal 
lengths, the vents of vrtiich are of the fame fize and in the 
fame pofition ; the charge which in the longed piece gives 
the longeft rangCt gives it equally in the fliorttft piece -, pro- 
vided 
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vided that the two longed ranges of the two pieces, when 
compared together, be unequal. 

75. In feeking the charge that gives the longeft range, it 
will be found that by ufing fmall charges at firfl', and m- 
creafine the quantity of powder by degrees, the ranges will 
increafe to a certain point ; after which, if the charge be 
augmented, they will progreifively diminiih ; though tlie re* 
coil will ftill continue in the ratio of the incrofe of the 
charge. This is a confequence deducible from the fore- 
going experiments, and agreeable to the principles of me- 
chanics ^ fince the recoil and the range oug^t to be in the 
reciprood ratio of the gun and the (hot, making allow* 
ance for the refiftance which thefe bodies meet with. Thus, 
when all the powder explodes, the recoil and the range 
ought to be in the above ratio ; but when a part orUy 
takes £re, the burning powder muft not only impel thie 
"wad and the (hot, but alfo the unfired grains. Now the 
iubdances impelled towards the muzzle of the gun being in 
greater quantity, the weight approaches nearer to the weight 
of the gun, which always remains the fame, and the range 
is confequently diminifhed. 

76. The following experiments will prove the third pro«t 
perty of powder in fire-arms of all calibres. (70.} Let a 
gun of any nature be taken, and, to fimpiify the experiment, 
be charged with fucha quantity of powder as will all explode: 
on examining the ranges from two equal charges of powder, 
of the fame quality, bur of differently fized grains, as cannon 
and mufquet powder, it will be conftantly found, ceteris 
paribus^ that the range produced from the mufquet powder 
IS much longer than that from the cannon powder. Now as 
the a£Uon of fired powder depends on the elaflic fluid, the 
fhot, in the longefl range, muft necefTarily have been im- 
pelled by a greater quantity of this fldll : but it has been 
dcmonfh:ited^.<(57.) that from equal^fuurges of cannon and 
mufquet powder, equal quantities of tlie elaftic fluid are ge- 
nerated wlien they are totally confumed; wherefore, in - this 
caie, all the fluid is not generated in the time that the (hot is 
moving along the bore of the gun, and confequently we may 
conclude that its generation is progrefllve* A comparative 
trial of. all other kinds of powder that have the fame pro- 
portion in their ingredients, and differ only in the fize of 
the grains, gives a fimilar refult : whence it is dear, that 
c^ch grainJs confumed piogreflivcly in pieces of all calibres; 

and 
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and that the only variation confifts in the length of time from 
the firft inftant of its inflammation till its final confump- 
tion. 

77* Some arrillerifts, from the intenfe heat excited in a 
fnece of ordnance at the inftant of explofion, particularly 
mth lai^e charges, conceived that all the powder muft be 
coafumed before the Ihot begins to be in motion ^ but it 
having been already proved ^71, 72.) that the quantity of 
powder that bums is limited, it will fuffice to (hew, by a 
condufive experiment, that the inflammation and deflruc- 
tion of each grain is progrefiive. It is well known that 
fine war powder is much flronger than mufquet powder ; 
and that, on firing equal quantities of thefe powders fironi 
the fame piece, the former will give the longeft range : but if 
of the fame pafte from which the former powder be made, 
grains four or five times larger than thofe of the mufquet 
powder be formed, and the difference of the ranges between 
this large grained powder and mufquet powder, fired in equal 
ouantities from the fame gun, be remarked, the ranges 
Rom the latter will be found much longer than firom the 
former ; confequently the fhot muft have been impelled by a 
gfvater quantitv of the elaftic fluid. But the lafg^ grained 
powder, if totally confumed, Ihould produce the Cime quan* 
titity of fluid as the fine war powder, which was found to 
produce more of it than an equal quantity of mufquet pow- 
der. In this experiment, therefore, ail the fluid is not dif- 
engag^ from the large grained powder, and the deflrudion 
of eaph grain is progrefiive, as the charge is fo proportioned, 
that the whole (hould take fire in the gun. 

78. This progrefllive deibru£)ion of each grain is never to- 
tally eflPedted within the bore of the gun, in the charges at 
prelent in ufe ; for, independent of the above obfervations, 
fire is always feen to iflue in great abundance from the 
iDUZzle of the gon, which could never happen if all the 
powder were confumed before the (hot began to move. 

79. Upon this third property of powder in fome meafure 
depoids the diflference of ranges in two guns of unequal 
length, but of the fame calibre, charged with equal quan* 
titles of powder of the fame quality. The reafon why the 
ihot from the longefl piece ranges farthefl, is not only be- 
caufe it is impelled for a longer time by the fluid, but alfo 
becaufe a greater quantity is generated during that time. 
But (hot from long pieces only range farther when at quit- 
ting 
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ting the gun they are ftill impelled by the elaflic fluid ; or, 
in other words, when arrived at the mouth of the piece^ 
their velocity is lefs than that of the fluid icfelf. 

8o. The adion of the elaflic fluid on the (hot in moving 
along the bore of the gun is fo powerful at the beginning ov 
the movement, that the range from a fmall charge fome-. 
times equals, and even exceeds, that from a larger chaige^ 
though they both take fire before the fliot begins to move. 
This is owing to the fmall charge occupying a lefs fpace of 
the bore; whence the fliot is longer impelled by the fluid, as 
k has a longer fpace to move through in the gun. To elu- 
cidate this, let an experiment be made with a gun a diameter 
and half of its (hot in length ; the ranges, or the penetrationa 
of the fliot into (oft earth, ¥rill be greater when the chargi 
occupies half, than when it occupies a whole diameter^ 
Thus the decreafe of range in a piece of ordnance that is over- 
charged arifes not only fiom the greater weight of matter 
to be impelled by the tired powder, but alfo from the left 
^nce that the fliot has to pafs through in the piece, and tfao 
kfs impulfion of the elaflic fluid. 

8i. From thefe premiies, it will be eafy to explain, why, 
in fire-arms loaded in the common manner, only a certain 
quantity of powder can take fire. 

There are two a£tions to be diflinguiflied in the fluid ge- 
nerated at the burning of powder; of fire, and daflicity. As 
the fluid feparates, and difengages itfelf firom the burning 
grains, it carries off with it different inflamed combuflible 
particles ; the degree of fire is then weakened, as much from 
its expanfion, as from the extindion of the flame, owing to 
the deflni(Sion of thefe combuflible particles : wherefore the 
fluid, at a certain diflance from the burning grains, does 
not contain iieat fuflicicnt to inflame other grains ; but its 
eluflicity, though weakened by the decreafe of heat, does not 
ceafe to ad againfl the fides of the containing veflel. Now 
as the inflammation of powder in fire-arms commences at 
the vent fituated at the bottom of the bore, there is generated 
from the firft grains an elaHic fluid, which inflnuates itfelf 
into the interflices of the other grains ; but the more this fluid 
expands, and the combuflible particles mixed with it are de- 
(iroyed, the heat becomes lefs intenfe, and unable to fire the 
grains more diflant from the vent : but a frefli fluid is fuc- 
ceflively generating, and inflaming thofe which the firfl pro- 
duced fluid liad not power to inflame ; the quantity of the 

fluid. 
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flttid, and the intenfity of the heat, increafe by degrees, till 
the wad and (hot b^in to move. From this infhnt of 
movement the fpace containing the fire, the fluid, and the 
unfired grains, enlarges; and though fredi fluid is conti- 
nually generating, yet, as the fire does not increafe in propor- 
tion as the fpace which contains it is enlarged by the re- 
oioval of the wad and (hot towards the mouth of the gun, 
the unfired grains will not be inflamed ; as, from the rare- 
fii6tion of the air, the fire is not fufiiciently intenfe. Hence 
we may conceive why, in moderate charges, properly wadded, 
the fluid has fufiicient elafticity to force out the wad and (hot, 
and,* at the fame time, heat enough to fire all the grains ; 
and why, in charges that are too large, and wadded in tiie 
Cune manner, the heat is not intenfe enough to inflame the 
grains that are diflant from the vent, while that its daflici^ 
is fufiicient to overcome the refilhnce of the (hot and wsk^ 
and put them both in motion. 

82. It may be concluded firom the preceding ob(ervations, 
that the form of the veflel in which powder is burned has no 
influence on the force of the elaftic fluid. Indeed, as the 
powder may be more compad in one (ona of chamber than 
in another, the fire, in fpreading itfelf fit>m the vent with 
more rapidity, may inflame more grains ; thus a greater 
quantity of the fluid may be produced in equal times, but 
the ablolute force of an equal portion of it will not be in- 
cr€a(ed. Mortars with fpherical chambers dve the longeft 
ranges ; becaufe, of all the different forms, of equal contents, 
in which chambers can be made, the fpherical has leaft fuper- 
ficies, as may be demon(hrated geometrically ; all the powder, 
therefore, is nearer to the vent in this chamber than in any 
other. 

83. As the properties of fired powder are die fame in 
fire-arms of all calibres, in proportion to the compaiSlnefs of 
the charge around the vent, the refiftance oppoted to its ex- 
plofion, and the variation in the denfity or moiflure of the 
^tmdphere; it is evident that, in firing equal quantities of 
powder of the fiime quality, at diflferent times and places, 
diflRMnI effeds will refult. If the flate of the air be al- 
tered, both with refpedt to denfity and moifhire, the ranges 
will bb fenfibly (horter, as the fucce(five inflammation of the 
grains will be flower : this firquently occurs when cannon 
are fiUMl over the fea, lakes, or marihy grounds, from which 
there - is t' ftrong exhalation . 

It 
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It will be (hewn, in the fecond part of this treatife, that the 
initial velocity of a mufquet bullet, in a very moift day, is to 
its velocity, with an equal charge, in a dry day, as fix to 

fcven. 

84. It might be fuppofed, that experiments made at diffe* 
fent times and places, with mortars conftruded with the 
fiime proportions, and from the fame model, might be con- 
clufive in proving the comparative goodncfs and force of 
difierent powders; but the contrary is the cafe: for, inde- 
pendant of the varieties enfuing from alterations in the ftateof 
the atmofphere, there will inevitably be a difference in the 
conflrudlion of the mortars, in fpite of the utmoft precau- 
tion of the founder. Thefe differences, or inequalities, 
though icarcdy difcemible, will neverthelefs greatly affe<Sl the 
nmge ; even if the mortars are fired from the fame fpot, in 
die lame pofition, and with all other circumfiances as nearly 
correfponding as poffible. 

85. To afixrtain the goodnefs and force of powder, by 
proving it witli a mortar — 

1. Fire fome rounds with a particular powder, made 
with the greateft exa(9nefs, called preoftowder ; then fire 
the fame number of rounds, from the fame nK>rtar^ 
charged with an equal quantity of the powder to be 
proved, which fliould be of the fame kind as the proof 
powder : if the ranges be equal, the force and goodneis 
of the powder is afccrtained. It fignifies little whe- 
ther the proof powder^ provided that it be in good pre - 
fer\'ation, has at other times given longer or fiiorter 
ranges; fince this comparative trial proves that the two 
powders are of equal force. 

2. Before the proof, the two powders (hould be ex- 
pofed to the fun for fome time; (63, 66.) and the 
proof made on a day when the air is clear and ferene. 

3. To Icflen the varieties that any alteration in the 
rarefaSion of the air might occafion in the inflamma- 
tion of the powder, or the refiftance of the ihot, the 
two powders fliould be fired as nearly at the fame time 
as poffible, and in fmall quantities, that the whole charge 
may take fire : wherefore, if the chamber be cylin- 
drical, as it commonly is in proof mortars^ and the vent 
lituatcd at the bottom, the charge ought not to exceed 
one diameter of the chamber ; though a larger quantity 
Jini7hi take hre, if the powder be of fufficient ftrength. 

4. The 
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4.^The mortar (hould be firmly fixed in a heavy bed, 
that the machine may not be deranged by the explo- 
fion, and laid at 45^ ; the fhot ihould be of equal 
weights and diameters, with the centre of the figure 
corr^fponding with the centre of gravity ; without 
thefe precautions, the refult of the experiments can* 
not be depended upon. 
In this manner the goodnefs and force of powder may be 
with more accuracy afcertained, than by any other method 
yet invented : for complicated machinery is fubjeft to nu- 
merous accidents i many of which are avoided by fixing the 
ntortars fo folidly and firmly in their beds, as to fprm a$ it 
were but one fimplc machine. 



CHAP. V. 

Of the Charges that give the longest 

Ranges. 

86. X O afcertain the charges that give the longed 
ranges, has ever been One of the chief objefls of refearch 
among artillerifis ; it is to be deduced from the fecond pro-* 
perty of powder, and can only be known by experiments 
made in particular cafes. Having proved, in the preceding 
chapter, that the fecond property of powder has effedl in all 
fire-arms (47* 7i)» and that the quantity which takes fire 
is in proportion to the refinance to the explofion, the denfity 
of the air contained between the grains (72,74), the fize 
and pofition of the vent, the form of the chamber, and the 
fiate of the atmofphere (82)> it is impofiible to fix invariably 
the charges for giving the longeft ranges ; the utmoft that 
can be done, is to efiabUQi rules adapted to certain deter-* 
mined circumfiances : and, in order to render them ufeful 
and conclufive, they (hould be deduced from experiments 
made with guns of the fame calibre with thoCe of which the 
proper durge is fought, and the common mode of firing 
ihould be obferved, 

87. In thefe experiments two obje£l$ are principally to be 
had in view : 

J. To find the charge which, of all others under 
fimilar circumfiances, will with powder of the fam^ 
quality produce the longefi range. 

C a. Tq 
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2. To afcertain the greateft quantity of the fame 
powder that takes fire in the piece, fired precifely in the 
fame circumfiances. This dilUn^ion muft be carefully 
obferved. 

It has been demonftrated, in fpeaking of fliort guns (8o)) 
that wnen the greateft number of grains take fire, the range 
is not always the longed : Now it is eajy to extend tliis de- 
xnonftration to pieces of all lengths. To fuppofe that the 
charge is entirely converted into elaftic fluid before the fliot 
b^ins fenfibly to move from its place, and that the fluid 
preferves constantly the fame degree of heat, is to confider it 
as liable to no other modification than expanfion as it pafles 
along the bore of the gun, which is proved to be falfe in the 
experiments related in the Philofophical Inflitutions. It is 
there (hewn, that the longed range is obtained from a charge 
that occupies about 4r ^^ ^^^ length of the bore, and that 
all other charges give (horter or longer r^ges according to 
their deviation from this proportion.. Thus the expHWi/qrients 
made with the powders defcribed (40), far from invalidating 
the former conclufion, on the contrary confirm it ii'by pro- 
ving, that in fire-arms overcharged with pow^r^'^and the 
/hots and wads rammed as ufual, all the grains dp^^ take 
fire, and that all the eladic fluid is not generate ,Jtipf^'f; the 
(hot iflues from the mouth of the piece. Whence 09 com- 
paring two unequal charges of cannon powder, the fa^s^ll^ 
of which is entirely confumed in the piece, while the larger 
is onlv confumed in part ; it will be feen, that thoug{i the 
longed range might be expedled from the larged chajtjgb, as 
more of it may take fire ; yet conclufions entirely bppofite 
may be drawn from pradice : whether it is, that the :X,^fired 
powder increafes the weight of the fubdances to be imp^JIed ; 
or whether from the quantity of the charge, the fpace.t]irough 
which the (hot fhould pafs is too much diminidied*.. Since, 
then, in fpite of the inflammation of a greater hunb^ of 
grains, the(e hrge charges do not always give the long^ 
ranges, and they ul'elefsly increafe the confumption of pow* 
der, and diatter the carriages ; our principal objed diouUt be 
to determine precifely the charge which, of all others under 
fimilar circumdances, will give the longed range ia pieces 
of all calibres. 

88. There are three methods of determining experis^cntallf 
the charge that impels the ftiot with the greateft force, and df 
courfe giv es the longed range. 

It By 
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1 . By findir^ the imtial vdodty of the (hot near the 
mouth of the piece. 

2. By firing againft a butt penetrable and homoge- 
neous, in which may be meafured the penetrations of the 
Ihot. 

3. By meafuring the length of the ranges. 

The laft method is the moft complex, and gives approxi-* 
mations leaft exad ; as feveral circumdances may concur to 
impede the motion of the (hot, and alter it's dire£lion > but, as 
it is moft common in pradHce, we will firft examine it. The 
inveftigation of the others will lead us to the folution of feveral 
very important problems. 

To find tf^e charge that gives the longeft range— 

!• Fire feveral rounds from die fame piece, under 
circumftances as nearly fimilar as polfible, with (hot of 
the fame kind, and with wads rammed with the fame 
force as is generally employed 5 in a word, with no othei^ 
difference than in the quantity of powder. 

2. Continue firing till a charge be found, any increafe 
ordecreafeof which gives ihorter, or at leaft equal ranges, 

3. Alter the elevation of the guns, and fire feveral 
rounds in each pofition, till the proper cbargp be found. 

Impiefled with a necelfity of adhering to thefe principles, and 
anxious, at the fame time, to avoid a prolixity that could add 
nothing to the ex^(5lnefs of the condufions, the ofEcers of ar« 
tiBery at Turin, in making the following experiments, laid 
the gull, at firft, horizontsuly, and afterwardSj at the bigheft 
devation t^ie carriages would admit of. 

89^ ■ l^c experiments b^an the 7th of Feftiiary, and ter- 
minated the 30th of March, 1746. They were, generally car- 
ried oh in moderate weather, and in the afternoon. Several 
rounds were fired firom each piece, with equal chai^ges. The 
gons were mounted on a part of the fortifications of tl^e city, 
when* the axis of the piece was thirty feet higher than the level 
of the cotmtry where the (hot fell. In the dire^on of the 
nngc a line was traced, and pickets fixed in the ground at every 
hundred feet ; and, to prevent all po(ribility of miflake» each 
picket was numbored. To the right and left of the ranges, 
Dien were pofted to mark exactly the fpot wliere th^ (hot firft 
mzed*; while the officers made the neoeftary obfervations upon 
the go^t which moved fi^edy upon a folid horizontal plat- 
farm, twenty fiset m length, and ten in breadth. The guns 
were foufy dght, fixteen, and thirty- two-pounden; and thofe 
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which had the bore cylindrical, and the vent fituated at the 
bottom^ werc'conflruded according to tlic proportions laid 
down in the f irft Book of Artillery. 

NatureofGuns. Length of Bore. Weight. 

Poitndert, Calibns, C%t/tJ q. Ih, 

4. — 27 — 919 

8 — 27 — 18 2 10 

16 — 23 — 31 S ^6 

32 — 20 — 57 21 ^ 7 

They were fired on thdr carriages, and loaded with the 
ladle: the powder was the common-grained cannon pow- 
der j four flrokesof the rammer were given to the wad over 
the powder, and throe to that over the (hot, by the fame 
gunmsr, and as nearly as poflible with the fame force. The 
wadsi^were erf- twifled. hay, properly gauged; the fliot wei^e 
weighed, to fee that they were exa(31y equal in weight ; and 
the windage was in the ratio of twenty to twenty-one. 

The guns being loaded, and pointed along the range, were 
fired with the axis always horizontal \ which was afcertained 
by the pendulum and waters-level. After each difcharge, the 
loigth Qfithe^reooil was mtaf\uiod; the wheels were placed in 
the fame pofitioo^ between linea, to prevent the flighted dif- 
ference. The coins placed.under the breech were marked be- 
fore the difcharge } and if moved by the fhock, the expe« 
rinoent was not confiderod as exact. 

Thefe precautions being taken, the fmalleft charges were 
ufed St firH, and increafed gradually till the ranges began 
to diminifh ; three rounds, at lead, were fired with each 
charge. Tlie charge that gave the longed n^nge having been 
afcertained by repeated firings, the principal obje6t was, during 
the lafl five days^ to remark what alteration might . arife from 
any change in. the fiate of the atmofphere; with this view, the 
lame gun was fired each afternoon, with the charges marked 
in the following table. For example, fix>m the four-pounder 
tlureerounds were fired, with each of the chaises of lib. 4.0Z. 
l4ba rodz. alb. i oz. of powder : the foliofving day, from 
^e eight^pounder three n^unds were fired, with th^ charges 
of 2 lb. 7 oz. 31b. 50Z. and 41b. 20Z. of powder. In 
like manner the fixtcen-^pounder was fired on the third, and 
the tliirty- two* pounder on the fourth day. At length, to 
form a comparifon of the raises of the different guns, on the 
fifth day the four and eight-pounders were fired> with chaiges 

equal 
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equal to half tlic weight of their (hot. : the charges of the fixtccn 
and thirty-two pounders were equal to y of the weight of their 
flior. The following table will (hew the refult of the ex- 
periments during the five days. 



Nature of 
Guns. 

Pou fleers* 



Weight of 
Powder. 

J6, ox, 

4 

10 

I 



8 



i6 



32 



I 
I 

2 
2 

3 

4 
3 

4 

4 
6 

8 
9 



7 

■5 

2 

5 
6 

»S 
9 

12 
13 



Length of 
Range. 

Yardi. 

478 

489 

512 

53* 

53* 

505 
526 

522 
485 

4Q2 
489 



Recoil. 

Jncbtt, 

43 
62 

72 

45 

64 
82 

42 

55 
78, 

54 

71 
^ 82 



90. Thefe experiments having been made with the great- 
eft aceuracy, we may conclude, that in cannon fired under 
fifliilitf ctfcumflanc^, the charge of powder which will give 
the tongeft range, is equal to half of the weight of the (hot 
in four and eight pounders, and 10 y of its weight in fixtecn 
and thirty-two pounders ; and moreover draw the following 
inferences with refped to two important effe<Sts which con- 
ftantly fippear. 

i. The recoil always increafes in proportion to the 
tftigmentation of the charge, that the length of the 
^ range increafes to a certain point, and afterwards de- 
creafes in a much lefs ratio than the recoil increafes. 
. 2t That the charge which gives thelongeil nmge in 
pieces of fmall calibre, is proportionally larger than in 
' pieces of large calibre. 

^i. The following experiment will explain the caufc of 
the fitit effect (90, No. i.) : Charge any piece of ordnance 
with the greateft quantity of powder that will all take fire 
witbour 'a wad ; after the diicharge m^rk the recoil : ufe 
again- the* faioe quantity of powder, with a wad ftrongly 
raiiMieM on ic } the length of the recoil will be greater than 
at the firftdifebai^ : fire a third round with the Sime charge 

C 3 well 
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well waddedi with the addition of a (hot and wad over it | 
the: length of the recoil will be again increafed. At lengthy 
with fiaiibr charges and wads, and, inftead of one, putting 
two orthree ihot mto the gun> the recoil will increafe in pro^ 
portion to the number of (hot, and the range will diminifh. 
41; We may eafily apply this fs£t to the experiments, of 

17+6- 

it has been proved (71 75), that only a limited quantity 
of cattion powder takes fire : thus, till the change be fo pro* 
portioned as to be all fired in the piece, a greater quantity of 
elaftic fluid is generated in proportion to the largenefs of .the 
charge* Now coniidering the gun and its carriage takenr to- 
gether as a conftant quantity termed C, and the fiibfiances 
impelled towards the mouth of the gun, viz. the two wads 
and the fiiot, as P ; the length 'of the range ought to be to 
the length of the recoil as C r P, without making allow-** 
ance for fridion and the refifiance of the air to the motion 
of the fliot*' But a9 the fpace that the: (hot (hould move 
through in the piece is dimmifhed in proportion as the 
charge is increafed, ^and the vis nutrix cokifequentiy ^6t% up- 
on it for a fhorter time ; the decreafe of impulfion mnft be 
deda^ied from the adion of the' efafiic fluid generated, in 
greater quantity as thb charge is larger : Hence it refults, that 
the ranges are propdrtionsdlyihovttfr than the recoil, though 
they botb^moreafir as the charge is augmenied* 

Mut if the charge be fo augmented^ that a part I arrives 
at the mouth of <the; piece without taking fire, then the fub* 
fiances to be^impQlled being in ^[Tester quantity, the fame 
circi^mftance that occurs when fcvcral (hot are put into the 
piece will in part occur here. As no more grains will be 
firod, than if the ckar^ were fmaller and all ignited, the (hot 
will acquire kfsvek)iBkys but the reaction againft C increafing 
at the iame time^ the recoil will be greater than before. 
The iubfianees P-t*I forced towards the mouth of the piece, 
pirfimting to tfae expiofion of the ehifiic fluid a greater re- 
fifiance than P alone, and the number of ignited grains and the 
quantity of fluids generated during the time that the (hot is 
moving along the bore being more confiderable, the abfolute 
increafe of fire »Sting againO the gun and carriage muft alfo 
augment the recoil ; while the range may be fiK}rrer, equal, 
or longer, than that produced by a charge that is entirely 
confumed in the gun, in the ratio that the increafe of fluid 
bears to the fubfiances P + 1> and to the (pace that the (hot 

has 



OP GUN-POWDER. 39 

has to move through in the piece. This (hews clearly, that 
the ranges or tbe initial velocities of Jbot impilhd from guns 
an proportionally kft than the recoils^ and that if the charge 
be augmented to a certain point, the ranges will diminilb, 
while the recoils will increafe. 

93. Thus, very^ large charges (hould never be ufed in the 
fervice of artillery, as the ranges from them are fhorter, or at 
moil but equal ; and befide the ufelefs expenditure of pow- 
der, the carriages are foon rendered unfervioeable, and the 
greater part of the (hot are of no effect. 

94* The caufes of the recoil merit a more particular exa* 
mination. There are two motions in the breech of a gun, 
at the in(hnt of difcharge ; one up and down, by which it 
finks into the coins, and fometimes throws them upon the 
ground, if too obtufe or improperly placed : this refle&ed 
movement of the breech takes pUce when the center of gra* 
vity of the gun is too near to the axis of the trunnions, or 
when the coins are made of too elaftic a fubAance. The 
other is an attempt to retire with all the machine \xi a di- 
rection oppofite to that of the movement of the (hot^ which 
is termed the recoil. 

95. The better to underftand the caufe of this douUe mo- 
tion ; let a reiifling veflel^ m which powder takes fire, be fup* 
pofed to have the vent flopped at the bc;gtnniRg of the in- 
flammation, no motion will in this cafe be perceived, bccaufe 
the eiafttc fluid, prefling equally upon the: fides ^ thecon- 
taining veflel, and all the ports, having a mutual attradion, 
its powers are in equiiibrio : tJie .balloon' inflated! with air is 
a very fimple.demonftratton of this. 

96. But if theehflic fluid can^icape through an aperture 
made on purpoie, or through a: defr caufed limits aSion on 
the fidea of the veflel^ .it wiltfae impel&ed in adiroflion op- 
pofite to theaperture^ with a^fotfce proportiooale lOitfae den- 
fityand velocity c^ the.fluid« For the ctaAie 'fluid in 
efeaping meets refinance from the external air, and impels 
it and the veflei in oppofite.diredions ; and if the veflei itfelf 
be not equal ia weight to the adioD of the fhiid, it will be 
put in motion: fince the column of air which refifts this 
motiofry and tends to preferve the veflei in a^ate of refl, will 
not be able to prevent it ; (its refiftanoe beitig proportional to 
the velocity of bodies moving in it:) the greater the velocity 
with which the fluid ruflies out, the greater will be the re- 
fiflanct> ami the longer the recoil : a number of experiments 

C 4 might 
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might be adduced in Tupport of this, bot the cotntnofi Ikf* 
rodcet fully exemplifies it. 

97. When fire is introduced into the vent of a gun, th« 
adion of the breech againft the coins is in proportion to the 
denfity of the elaftic fluid in the charging cylinder : nqw ts 
the wad and (hot cannot move before there be a fufiicient 
quantity of the fluid generated to overcome their refiflance, 
and force out the column of air from the bore of the gun ; 
if the wad be too Arongly rammed, or a part only of the 
powder take fire, or more than one (hot be put into the 
gun, or it be more elevated atone difchargc than another, the 
refinance to the fluid being increafed by one or more of thefe 
caufes, a greater quantity muft be generated before the (hot 
and wad will be moved. Before this motion commences, 
there can be no recoil (95), for the (hot and wad form,* as 
it were, a part of the gun itfelf : wherefore, if fo large a 
quantity of fubflanees be put into a gun, as totally to pre- 
vent, by their refinance, the efcape of the elaftic fluid, there 
will be no other movement in the piece than that of the 
breech up and down againfl the coins ; which might, if ne- 
ce(rary, be more fully demonftrated. Moreover, fincc a 
part of the elaftic fluid efcapes through the vent during the 
time of its generation in the charging cylinder, it is cleat, 
that the adtion of the breech againft the coins in the oppo- 
fitc diredlion, muft commence as foon as the powder takes 
fire, but the recoil will begin fooner or later according to the 
refiftance oppofed to the explofion. 

98. Hence, if the movement of the breech up and down 
has not totally ceafed befoie the fhot quits the gun, it may 
be thrown above or below the point aimed at. When the 
wheels are of unequal diameters, or not placed in the inter- 
vals gf the correfponding lines and nails, or the platform on 
which the gun moves while the (hot is palTing along the 
bore, is not even and folid ; in all thefe cafes, the gun will not 
recoil in the proper direction, and the (hot will be thrown 
wide of the mark. 

99. The length of the recoil during the time that the 
(hot is pafling alone; the bore varies according to circum- 
ftances. If the charge, for inftance, be rammed in the com- 
mon method, and the gun placed on an even horizontal 
platform, the elaftic fluid muft exert more force to move the 
charge than to move the gun ; as is the cafe in ufing the wad- 
hook to draw out the charge, the gun being drawn forward 

before 
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before the vrad is difplaced. If, on the contrary, part of the 
platform be raifed, the fame force that will draw out the 
^ivad will not be fufiicient to draw the gun up the inclined 
plane. Similar varieties occur in the recoil, when the ele- 
iration of the gun is altered, or the wheels turn more freely 
on the axle-tree. 

To give to ttiis queftion a practical folution, with refpeft 
to charges that all take fire in the gun ; let the gun and car- 
rl^ l>e confidered as one body=C, the wads and (hot=:P, 
the length of the bore from the (hot to the muzzle = D, the 

PD 
recoil will be= — . Let one round be fired with a wad 

C 

over the powder, and the recoil = A. Let a fecond be fired 
with the addition of a (hot, the recdlsB will, be greater 

PD BPD 
than A j and A : B : : — — : ■ =the length of the recoil 

C AC 

in the time that the (hot Is paffing along the gun. This ex- 
periment having been made with a thirty-two pounder, 
charged with common powder, and fired horizontally on a 

BPD 
horizontal platform— -=i an inch. So that if the plat- 

AC 

form be very folid and even for I an inch, at the fpot on 
which the wheels and trail of the carriage reft, the remain- 
der of the platform is only ufeful in facilitating the operations 

BPD 

of the artillery-men ; indeed, as the value may from 

AC 

drcBmftances vary a little, allowance (hould be made for It. 
• lOO. Let the fecond efie3: (90.N°2.}, viz. that the 
tbargi which gives the longeji range in pieces <f fmall calibrcy 
it pr9p9nionally greater than the charge which gives the lon^ 
gefl ranges in pieces of large calibre^ be now confidered. 
This efFed, which conftantly appeared in the foregoing ex- 
periments, could only proceed from the fize of the vent being 
equal in die four guns, and from the wads being rammed 
with the fame force. From the former circumftance, a re- 
htively gitater degree of fire is produced in the fmall guns ; 
and from the force with which the wads are rammed, the 
powder is more compa£^ and the charge adhering clofer to 

the 
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tlie fides of the gun, the refinance is iocreared, and more 
grains are fired*. 

10 1. In the Tpring of 17509 the officers of artillery beigg 
dire^sd to inveftigate.fome profeflional points under the or- 
ders of the Chevalier Ferrero bi PoNsictiONi, -made 
feveral experiments to find the charge that gives thejoogeft 
range, when the piece is fired at the higheA elevation the car- 
riage will admit of. The guns were of the fame calibre and 
proportions as in 17465 only the (hot being rather larger, th^ 
windage was lefs. They were loaded with the ladle with 
different charges of common grained cannon powder : three 
rounds were fired from each gun with the fame charge i the 
fame artillery- men gave five fh-okes of the rammer to the 
wad over the powder, and three to that over the fbot ; the 
guns on their carriages, moving freely upon a horizontal 
platform were al^i^ays laid at the fame elevation, ana every 
precaution was taken to load them equally; and meafure 
exactly the length of the ranges, upon a flat piece of ground 
nearly on the fame level with the battery, 

Refult 0/ Experiments made in the Spring ef f 750b . 

KecoU. 



Naturie of Guns. Weight of 

Powder. 



Pcttnders, Elevation, 



4 - U' 



8 — n 



16 — 



12' < 



3» — iif 



li. 
2 

2 
2 

3 
3 

4 
4 

5 

6 

5 

6 

7 
8 

9 

9 
II 

13 

16 
18 



I 

8 

14 
5 

5 

2 

I 

IS 
12 

9 

12 

9 
3 

3 

o 

»3 
8 

2 

6 

6 

o 



Length of 
Range. 

Yarii. 

2375 
2219 

2422 

2526 
2321 

2463 
2486 

267s 
2659 
2860 
2663 
2810 
2764 
2892 
3172 

303* 
2995 

3220 

3084 



Incbeti 

Sa 

60 

70 
76 
46 

65 

85 
102 

119 

90 

97 

108 

"3 

"7 
120 

124 
146 

168 

102. 
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102. It refults from thefe experiments^ that the charges 
that give the longeft ranges when cannon are fired at the 
hi^ieft elevation thdr carriages wUl admit of, are greater 
than thofe which produce the fame efFeft when fired hori- 
zontally (Sq), But the ranges do not increafe in the regu* 
lar progreflion that might be expected. For infiance, in. 
the fixteen pounder, the charges of 51b. laoz. and 71b. 
3 oz. gave ranges nearly equal, while 61b. qob» gave one 
much longer. Thefe irregularities proceed from the diffe- 
rent charges not having been fired on the fame day ; the 
51b. 12 oz. were fired the 23d of March, the 6 lb. 902. 
the day follov^ing, and the 7 lb. 302. on the ift of April ; 
if they had been fired on the fame morning, the modifica- 
tions in the expiofioh of the powder, and the air's refiftance 
to the flior, refulting from the alterations in the ftate of the 
atmofphere, would have been avoided : in the 4th and 5th 
chapters of the fecond part, this matter will be more fully 
difcufled. 

On repeating thefe experiments with fuch precautions as 
to avoid the modifications arifing from changes in the Aate 
^ the atmofphere, the charges (loi) that give the looffeft 
ranges will be found to be almofi double of thofe ufed in 
1746; but the increafe of range is of little importance com- 
pared to the increafe of the recoil, and the greater (hock 
fdlained by the carriage ; thefe large charges (hould never be 
ufed for common fervice. 

103. In experiments of this kind, a remarkable inequa- 
lity between two ranges from equal charges of powder will 
occafionally occur, though every precaution be taken to fire 
them under circumftances as nearlv fimiiar as poflible* 
Thefe inequalities were neither fo mquent nor confide- 
rable 4n 1746 as in 1750; but it is impoiTible totally tq 
avoid. them, tor fuppofing the direction of the guns to remain 
tmaitered at the explofion, yet there are two caufes which 
feparatdy or conjointly may render the ranges from equal 
charges of powder unequal. 

V !• The fliot in pafling through the plane of the gun, 
may not exa£tly follow the diredion of the bore ; or on 
quitting the gun, it may take a different diredion. 

104. 2. The powder may not be equally well colle<5led 
in the piece, fo that charges though equal in quantity, 
have not the fame figure : large charges are more liable 
to this accident than finaller ones, particularly when 

rammed 



44 THE PROPERTIES 

rammed with the fame force. In this cafe the quantity 
of powder fired in the larger charge, varies in proportion 
to the difpoiition of the grains to inflammation ; for in* 
fiance, in guns laid above the horizon, more powder 
ought to take fire, as the refinance to the CJ^pIofion is 
'greater. The larger the charges, the more frequent 
are the inequalities in the ranges independent of the 
violent concuilion of the carriages. 

105. Wherefore, the two extremes of very large or very 
fmall charges (hould be equally avoided ; for the firft does 
not compenfate for the uncertainty of their ranges, or the 
great increafe of recoil, by tlie additional velocity and force 
given to the (hot : and with very fmall charges, the leaft 
difference in the fize of the wads or ramming, caufes a great 
alteration in the impulfion of the (hot and ultimately in 
the range ; as is often fecn in richochet-firing, and in mor- 
tars loaded with fmall quantities of powder* 

106. This objedl of afcertaining the charges that give the 
longeft ranges, iias engaged the attention of the French, at 
iveil as the Piedmontefe artilleriAs ; and the refult of their 
experiments appears to be, that in cannon of large calibiCi 
the charge ought to be about |- of the weight of the (hot« 

The knights of Malta, on leeing the report of the French 
experiments, were induced to d\rcik Sig. Marandone, 
engineer of the order, in the month of Augu(V, 1747, to 
repeat them. He fent to the regiment of artillery at Turin 
a detail of his pra£lice, and afke^ the opinion of the officers 
on the conclufions to be drawn from it. Having obferved, 
that on u(ing larger charges than | of the weight of the (hot, 
the ranges ftiii increafed proportionally ; he did not think it 
nece(rary to purfue his experiments for finding the charge 
that would give the longeA range 1 and judging that the 
French powder was weaker than his, he concluded that 
when cannon of a large calibre are charged with a (Ironger 
powder than the French ufe, the charge which ought to pro- 
duce the longed range, mud exceed 4 of the weight of the 
(hot : this conclufion is conformable to our theory, and the 
refults of our pratSice. 

It is clear then, that the artilleries in former days, con- 
fumed a fiiperfluous quantity of powder, in making the 
charge equal to the weight of the (hot : it even fometimes 
exceeded it, as their powder was much weaker than that 
now in ufe. 

107. The 
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107. The charges we have laid down as giving the longeft 
ranges (89, 102) are under flmi^ar circumftances, the fame 
in all guns of the fame calibre, whatever be their length ; iGnce 
ihc increafc of length docs not generally caufc the inflam- 
mation of a greater number of grains (71) the charge which 
in one gun will give the longeft range will give it equally in 
a IhoTter one of the fame calibre : very fhort guns are in- 
deed an exception to this rule ; for in them the aflion of the 
elaftic fluid upon the iliot in two unequal charges that all 
take Are, is at leaft equal, or even greater, in the fmalleft 
charge ; as the (hot having a greater length of the bore to 
pafs through (80) is longer impelled by theelaftic fluid. 

108. It only tiicn remains to afcertam the bed charges for 
finrvice j we ihould previoufly recolleft, that the great utility 
of flre-arms confifts in two points.: the firft and principal 
one is, to ftrike the objed aimed at ; the fecond is, to ftrike 
it with a dut* degree of force. The flrft is ever indifpenfable ; 
the fecond admits of certain modifications : for the greateft 
force that fire-arms can produce is not always requifite ; and 
even when it is (Philof. Inflit.) it is better to diminifli the 
charge, and leflen the cffc& of the (hot, than run the hazard 
of miffing the objecft, from the uncertainty of ufing very 
large charges; this needs no illuftration. Befide, brafs 
guns fired frequently with large charges are in a few days 
rendered unferviceable ; wherefore the advantages and dif- 
advantages attending the ufe of them (liould be fully weighed, 
as upon the prefervation of the guns may entirely depend 
the fuccefs of an enterprife. 

109. To apply thefe confiderations to pradice, and com- 
bine the juflnefs of the range with the neceflary force, and 
with the prefervation of the gun and carriage ; the charges 
of powder for fixteen and thirty-two pounders, ought never 
in the attack and defence of places to exceed half of the 
weight of the fliot, if the gun be properly proportioned 
(89} and fired at the diftances fet down in the fecond and 
third book of Military Architecture, and the Treatife of Ar- 
tillery ; this we will call the largefl fervice charge, and fliould 
only be ufed in cafes of neceffity : the fmall^ fervice-charge 
fliould not be lefs than A of the weight of the fliot, and 
the medium charge y or | of its weight. 

The charge for eight and four pounders fliould vary ac- 
cording to circumflances, from 7 to |^ of the weight of the 
fliot : the wads in thefe pieces and in thirty-two iind flxtcea 

pounders. 
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pounders, (houlj be rammed in proportion to the weight of 
the charge, in order to produce the proper cffcA ; perhaps 
too much force cannot be ufed, provided that the grains of 
powder are not crufhed and beat fo clofe as to prevent the 
fire from penetrating. The charge for richochet and red- 
hot firing, is very fmall in proportion to the calibre ; it de- 
gmds in fiegcs on the fituation of the gun, as the diffamce 
om the enemies batteries is the only point to be confidered. 
The charges for field artillery in general adions, in affairs 
of pods, in attack and defence of intrenchments, &c. fhould 
be between i and i of the weight of the (hot, according to 
the calibre and weight of the gun- 

1 10. Though our obfervations have been hitherto confined 
to the proper charges for guns; yet thofe for mortars may be 
eafily afcertained by knowing the quality of the powder, and 
the form of the chamber. All the mortars now in ufe, in 
which the communication between the chamber and the 
chafe is narrower than the greateft diameter of the chamber, 
as the fpherical, eUiptical, parabolic, and thofe in form of a 
pear, always range the fiirthefi, when the chambers arc filled 
with the common cannon powder, and the (hell clofely con^^ 
filed by well (ifted earth rammed upon it ; it is clear in this 
cafe that the charge cannot be augmented. Be(ide the con- 
cuflion is more violent, and the rang^ are lefs exac^, when 
the chambers are not filled ; therefore, to throw a ttiell to a 
certain point, the chamber (hould be filled, and the range 
regulated by the degree of elevation. 

Ill* We will conclude this chapter by (hewing experiment 
tally how much the difference in the fize of the vent affeSs the 
force of the (hot. A mufquet was taken -,V of an inch in 
diameter, and 33 inches in length of barrel. The axis of 
the large fcrew which clofes the breech, was perforated with 
a hole iV of in inch in diameter, with (piral (ides to receive a 
fmaller fcrew ; one end of the fmaller fcrew was armed with % 
little piece of red hot iron, to fet fire to the powder in the 
barrel ; to the other end a winch was fixed to fcrew it up 1 
at the part where the vent is generally placed, a circular hole 
with fpiral fides was drilled t^t of an inch in diameter, to 
which three fcrews were fucceflively applied ; thefirft exafHy 
dofed the opening, and confequently forced all the fired 
powder to pafs through the muzzle. The fecond had in its 
axis a hole or vent 1^ of an inch in diameter, through which a 
part of the fluid might efcape^ and the third had a vent of tV 
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of an inch in diameter. The mufquet thus prepared was 
loaded each time with lO drachms of fine powder put into 
cartridges, and with an iron ball 14^ oz. in weight ; the wads 
were rammed down with equal force by the fame man. 

The experiments began by firing the mufquet with the 
fcrew that entirely clofed the vent ; it was then fired with the 
fcrew -ru inch in diameter; afterwards with that of iV» and at 
length without any fcr^w. The charges were fired by the 
hot iron fcrewed into the breech : the objedl was a pkuik 
plactd at 5 feet from the muzzle of the mufquet. 

The niedium of the penetration of the balls in 24 rounds 
is as follows : 

r with the vent entirely clofed ... 6 

In the dif- 1 with the vent tVo^ ^^ inch in diameter - 8 

charges 1 with the vent ^V of an inch in diameter • 67 

I. with the vent Vv of an inch in diameter - 4 

It refults from this experiment, that when there is no 
vent lefs powder is fired, and that which does take fire burns 
more (lowly. If the large vent be left open, and a fheet of 
paper ftretched at 2 feet from it, the paper will be pierced full 
of holes by the powder forced through the vent at the explo- 
fion. Soldiere firing in line are often pricked in the fiice by 
grains of powder driven with force firom the mufquets on 
their left ; the common opinion that thefe grains are a part 
of the priming is erroneous. 
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1 lO* X T was (hewn in the former part of this work that 

the principal properties of powder are fubjed to many mo* 

dificarlons^ even in experiments conduced with the utmoft 

Gare< How much more important and frequent then muft 

they Ve when powder is employed in military operations ; 

whcre^ iPrpm the nature of things, there can neither be fo 

nnicb attention paid to prevent irregularities^ nor lb much 

accuracy' 
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accuracy in the conflru(Eli3n of the machines. In calculaU 
ing eflFeds dcducible from phyfical caufes, a precife folution 
of the problem can never be obtained ; it is always com- 
prifcd within limits more or lefs di.lant from the abfoluie 
truth, in proportion to the number of caufes that conduce to 
the fame efFe£^. Confequently in meafuring the force of 
powder tired for military purpofcs, no preciiion can poflibly 
be expetSed ; and from the luturc and number of adventi- 
tious circumilances, the limirs th?t comprehend the folution 
of the problem muft neceiTarilv vary ; fometimes even a ge* 
neral principle will be only applicable to particular cafes. Be- 
fides, as anillerirts frequently prefer obfervations drawn from 
pradice 10 niL^s deduced from theory, it is neceffary to divide 
the problem into diflinfl parts, and confider each of the con- 
ditions feparately, in order to combine as much as poffible 
theory with pra£lice. In the courfe of this examination we 
(hall prove, that this combination is in all cafes advantageous, 
in fome indifpenfable. 

Thcfe preliminary remarks lead to the fubjeft of the chap* 
tcr. Since the inflammation of the erains, and the total de- 
flrudtion of each is cfFcftcd fuccelTuely, and in a time pro- 
portionate to the quality of the powder, the iize of the grains, 
&c. andfmceon the other hand the force of powder depends 
principally on a pennanent fluid generated at the explofion, 
the clafticity of which is increafed by the prefcnceof fire : it 
follows that this force increafes continually from the inibnt 
that the inflammation commences, till all the powder be 
confumcd, and then is quickly reduced by the decrcafe of 
heat, to the fimplc elafticity of the permanent fluid. There 
is then a period when the degree of heat is moft intcnfe ; 
but this varies even in powder of the fame quality, when 
iircd under different circumftances. As no general and 
conrtant law can therefore be eflablifhed, we muft be con- 
tent with afccrtaining the greateft degree of force in parti- 
cular cafes ; which founded on certain data, may be ufefully 
applied to the various fcrvices of artiller}'. But that none 
of the moll material points involved in the folution of this 
problem may be paffed over in filence, nor any vain hypo- 
thefcs and chimerical fuppofitions formed \ let us in the firft 
place examine the furce of powder in its mod iimpie ftate, 
that is, when reduced by the temperature of the air, to the 
elallicity only of the pcnnanent fluid, and afterwards in its 
moA complex (late, that is to fay, at the inftant of expbfion. 

CHAP. 
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CHAP. I. 
The Mbthod or mb asurinc the Diksitt avd Elas- 

. TICITY OF THE PERMANENT FlUID, GENERATED 

noM piRED Powder, WHEN reduced to th^ Tem« 

FERATURE OF THE ATMOSPHERE. 

114. X O meafure the abfolute elaiticity of the perma- 
jlent fluid, there (hould be no communication between the 
powder and the atmofphere, either during or after the ex- 
plofion. But it is impoflible to aTcertain the exaA degree 
of prefliire of the fluid in a clc^e vdlel the inftant after the 
explofioo, as its force is then increafed by the heat that re- 
mains in the vefTel : nor can a more precife knowledge be 
obtained by delaying the experiment, till the internal ahr 
be reduced to the fame temperature with the external ; as a 
part of the fluid is abforbed by the fmoke and vapour : tho 
abfolute force therefore cannot be afcertained, but the fol- 
lowing experiment will give the mod accurate approxiqu- 
tioii. 

F16. VI. This machine feparates as much as poflible, 
the permanent fluid ftom the fmoke, fulphuredus va- 
pour, and caput mortuum of the powder, anddiminifhes 
confiderably the a£Hon of the heat that remains in the 
veflel. 
A A B B, it a cube of brafs, of which the two fider A A 
B B are cylinders terminated by portions of fpheres : 
A A, is made to receive the fcrew £ E of another 
hoUow cylinder £ D D £• F G L are copper veflels 
<if different fizet, which fcrew on to B B $ H I H 
is a finall cylindor of brafs faflened to the cube A B, 
by two fcrews HH; within it is a piflon K, nicely 
fitted, which by means of the fcrew 1, opens or (huts 
tbe pipe 9 «, fp^ that communicates between A A^ 
BB. MN>fMisa parallellipipedon of brafs fixed 
to the cube A B by the fcrews M M, and the little 
pipe a f correfponds to r r. S R S is another paralel- 
lipipeaoQ of the fame metal, hollowed in the form of a 
^linder ; the opening ti is filled with a elafs veflel, 
csfitaining a coloured liquor, tbe fur&ce of which, & 
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ihay be dtftmguKhed through the glafs. At the upper 
part of the parallellipipedon is an aperture R, by which 
the external air eomntufticates with the infide of the 
veflel. V W is a long ^afs tube, open at both ends ; 
it is attached to a plate of braft X X which is faftened 
to S R S, and graduated in the fam^ manner as a baro- 
meter :)r^ is afcrew made to turn very nicely in the 
lower part S S of the parallellipipedon b R S, by means 
of which the furface & of the liquor contained in 
the glafs veflel can be ndfed or lowered at pleafure. 
When S R S is fattened to M N N M by the fcrew i6 
of an iron pipe 2, 3 fcrewed on to MNN M at 4, 4^ 
the hole R correfponds exa£)]y with f : 10, 12, zo is a 
folid cylinder of brafs, with a little cavity 12 to hold 
the powder for the experiment; it is placed in the 
hollow cyHttdtx £ D D £, fo that its bafe 10, 10 refU 
upon the ledge 11, 11, in A, 11, A : its diameter 17^ 
17 ought to be about | of an inch lefs than the interior 
diameter 18, 18 of the cylinder E D D E : 5, 7, 9 is a 
piece of iron that fcrews into D D at 77; the infide 
is fpirate;d to adm.tt the fcrew 8, 6, 8 at 5. 
For the falce of nriaking the experiment with more eafe, 
the qube^ A B is fattened to a circular bar T T of any 
Qietaly mi^e ^9 high as may be neceflary for the puipofe 
. of applying the difierent veflel s F G L and fctewecf on 
' ■ ■ to a talwe or other convenient place at m w.— 
115. For the experiment, apply R S to N N and fcrew 
on the recipient F G L to B B. Place the cylinder 
10, 12, 10 upon the ledge 11, 11, and having put the 
proper quantity of powder into 12, fcrew the cylinder 
E D D E to A A, At 9 of the piece of ii^n 5, 7, 
9 lay a thin flieet of lead, and when c, 7, 9 is fcrewed 
on to D D let hll in 5, o a hot ball of iron, which will 
be fietained at o by the meet of lead. Inifbntly fcrew 
8, 6, 8 into 5 by the handle 13, 13, fo that 8, 8 may 
exadllyfit 14, 14; the point 6 pulhes the iron ball into 
the cavity 12 containing the powder, and 5, 9 is exadly 
clofed by 8, 6 before the explofion can take place. 
When the powder is totally confumed, draw back the 
pitton K by means of the fcrew I which opens the pipe 
# 0. The elattic fluid generated at the explofion, foon 
fpreads from the upper cavity into the pipe e Cy paflfes 
through pp into B L B s thence rifing through r, r, ^ , 
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f it paiTes through the hole R into the glafs veflTel, and 

prefles upon the furface & of the liquor contained in 

it. This prelTure makes the liquor rife fuddenly in 

the tube V W, after fome undulations it fixes at a 

height proportionate to the quantity of powder. 

ii6. If the height of the water in the tube when the 

undulations ceafe be remarked, and the machine remain in 

the fame ftate, it will be found on obferving it, after equal 

intervals of time, that the water continues finking ; but lefs 

flfter the fecond interval than the firfi, and lefs after the 

third than the fecond, till at length the alteration becomes 

imperceptible, except a very long interval be fuffered to 

dapfe. At the end of twenty-four hours, the liquor remains 

Aationary in the tube, afFe^ed like the thermometer, only 

by heat. 

Thefe undulations arife from the (moke of the fulphur 
and the caput mortuum of the powder, having abforbed a 
part of the daftic fluid : the abforption is confiderable at 
firft, but its efFe£h gradually diminifl). On comparing the 
■height of the water when it becomes fiationary with its 
heighth, when the undulations ceafed, the difference will 
denote the quantity abforbed by the fmoke, Sec. If the infiant 
the undulations ccafe, the communication between the upper 
and lower cavities be dofed by the piftoa K, the water flops 
fuddenly, and never varies in iiei^t, unlefs affected bv fonrie 
alteration in. the temperature of the atmofphere; i^ after 
fometime^ the communication be again opened, the water 
will fuddenly fink in the tube, because the elaftic fluid con- 
tained in the lower cavity, rifes to re-eOablUh an equilibrium 
with that in the upper one, a part of which has been ab« 
forbed by the finoke and caput mortuum. 

117. It Will not be am\fs previous to the efcperimenf, 
to nuke a f<9W ^yfical obfervadons on the effe6U obferved 
above, and give^fome of the motives that influenced the par- 
ticular conftrudion of the machine. When the quantity 
of powder oonfumed in the experiment is ^7 of what the 
upper cavity could contain, if the cylinder £ D £ be taken 
off when the machine is perfeSly cool, the fmoke and caput 
mortuum will be found attached to the upper part D D of 
the cylinder £ D £, and to the upper part 12 of the other 
cylinder lO) 129 10 j the a£lion ol the fire will have changed 
the colour of the latter, from its extremity i2> to about one 
third of its length, while no mark of the fire or fmoke ap« 
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peftrs at the other extremity A lo A, nor in the recipient 
FG^I;. 'This proves that when the communication be- 
tween die two cavities by the pifton K is opened, the elaftic 
Jlciid ijpreads itfelf without mingling with the fmoke ; there- 
fore, the finking of the furface of the water in the tube, 
m^ben the communication between the two cavities is open, 
and its fudden fixation when it is fhut, can only be actrir 
buted to the abforptiouiof a part of the elaftic fluid, by th^ 
Xmoke and caput mortuum (ii6): it was neceilary then to 
form a communication between the cavities, by this or fomc 
fimiiar contrivance. 

If inftead of -^ of the powder that the upper cavity 
could iontain ^-^ be burned, the only difference will be, 
liiat the mark of the fire and fmoke will defcend nearer to 
the ledge lo, ii, lo, yet without entering the pipe off» 
But, if a much greater quantity of powder be ufed, a part 
of th^ fmoke will accompany the fluid into the recipient, 
on the Opening of -ttfe communication, abfoi'b a part of the 
fluid, and diminifli its preiTure on the furface of the liquor. 
The cylinder lo, 12, 10, isdefigned to leiTen the adion 
of the heat upon the fluid, and prevent the fmoke from 
penetrating into the recipient ; for, 

T. If the powder be fired in A ir A inflead of 1%, 
a part of the fmoke and caput mortuum, would readily 
pafs through 'the pipe 'oo into FGL, and not only 
abforb a' part of the eiaflic fluid, but alfo clog up the 
piflon K when wanted to flop the communication. 
^2. The cylinder 10, 12, 10, increafing the fuper- 
ficies of the upper cavity, and the fire ading upon a 
greater number of phyfical points, the heat being thus 
communicated to a larger mafs is lefs, as is fheWn in 
the iflipart, chap. 1. 

3. As the heat arifing from the inflammatioh of the 
powder, and the hot ball is almofl entirdy concentrated 
in the cavity 12, D, £, and confequentiv a6ls upon a 
part only of the internal air and the eiafHc fluid, it 
. mcreafes the elafticity much lefs than it would do, if 
communicated to the fluid and air contained in the 
whole cavity. This is not only agreeable to the pre- 
ceding theory of fire, but may be further proved bj 
this machine, in the following manner. Having dif- 
pofed all the parts of it properly, without putting 
any powder la 12 open the coipmunication, and let 
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fall into 12 a red hot ball ; the heat expands tike ur 

« in the cavity^ acid makes the water rife in the tube* 

Having remarked its height, take away the cylinder 

10, 12, 1O9 and repeat the experiment, the ball in 

paiiing through A D A to fall into A 1 1 A, rarifies 

• the column of air that it contains, fo much that the 

water rifes in the tube 15 or 20 times higher, than in 

the former exptrimenr -y but defcends fuddenly, .and 

fixes at a point only three or four times higher. 

118. Having explained the conftrudion of the machine^ 

the combination of its parts, and the efFeds that powdec 

has on it, is neceflary to examine; 

!• If the eladic fluid can efcape. This may be 
afcertained, by condenfing a certain quantity of the 
air in the machine, and obferving while it is in that 
Aate, if the alterations in the height of the water in 
the tube, aad thob in a thermometer placed near the 
machine, differ. 

a. The quantity of faltpetre equal to the contents 
of the upper cavity to the piftdn K, and of the lower 
one from K to the furface ,of the water contained in 
the glafs veilel taken together (bwld be^teown. Ta 
find this, weigh the quantity of water cbatwtlLi.fiJil the 
two cavities: in our machine^ it was equal: to: r ^580 
grains. Now as the fpecific gravity ofswat^ i^J^) that 

of faltpetre as 10 : 19, the laft tet^ ] ^ ■ ' "^ expref- 

fes the quantity of faltpetre equal la- l]|ulk |ta.tb|e con- 
tents of the two cavities. 
T19. To begin a courfe of experiments ;^^.pia fo fmall 
a quantity of powder into 12, that thp iimfrice witlnot pafs 
from one cavity into the other; then having j^f$ficly ar- 
ranged all the parts of tlie machine, and^c}pfed|4^ com- 
munication, drop the hot ball into the canal .5« 9, where it 
will be retained by the (heet of lead. Ini^ntly jcrew on 
89' 6, 8 which exa^ly clofes up the canal 5, 9>afu) pufhes 
the ball into 1 2 to fire the powder : theti open the com- 
munication between the two cavities, and when the undu- 
htions of the water in the tube fubfide, clofe it again* 
When the water rifes in the tube, the furface & in the 
^afs veflel finks : raife it by turning the fcrew y y^ till it 
inches the point it was at before, in order always to preferve 
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the lowef cavity in, the fame ilate. Obfcrve the height 
of the water in the tube V W, meafuring it from the fur** 
fBC&.& dedu^ng the augmentation proceeding from the 
attradion of the glafsi . The efFeds of this attradion are 
known previous to th^ experiment, by noting how much the 
water contained in the tube, is higher than the furface & 
This experiment ihould be reputed fevera] times in the 
lamb manner, with equal quantities of powder of the fanie 
quality, in precifeiy the fame date of the atmoiphere, obforved 
by a very accurate thermometer; and the elevation of 
the water in the tube at each time remarked. Neither the 
recipient F G L nor the cylinder E D E fliould be ever 
touched with the naked band, but with a folded napkin, for 
the contact even of a finger would in a fhort time excite a 
degreriCf heat fufEcient to raife the water in the tube. Af« 
ter fevieral repetition^, take the mean height ; thus the va- 
rieties occafioned by the abforption of a part of the fluid, and 
the beat reniaining in the machine may be accounted for. 
Call this mean height a, and the mean height of a baro- 
meter filled with the fame kind of liquor as the glafs veiTel 

a 
A s the fra£t\pn ^ will exprefs the ratio between the elafti- 

city of the fluid produced from the powder, and that of the 
atmofpheric air. 

no. In fmall quantities of powder the proportion between 
the faltpctre and ihe other ingredients may not be exaflly the 
fame as in a iarger mafi ; which in a feries of experiments 
may baufe a cdntfdei'able variation 1n the elevation of the 
water in the tube. To remedy this inconvenience, grind 
fome faltpetre, fulphur, and charcoal feparately \ weigh the 
faltpctre and mix it with fuch a quantity of the other two 
ingredients as will moft quickly confume it. The mixture 
need not. be granulated, as the elaflicity and denfity of the 
fluid are tlie only objeSs of refearch in this experiment \ the 
phlogiilon being only employed as the means of decompofing 
the nitre. 

121. The elafticity of the fluid, though very much di* 
lated in the two cavities is exa£Uy proportionate to its den- 

a 
fity : «bu6 the fraction — exprefTmg the eUfticity=:ii will alfq 

A 

exprefs thedenfitj^. Now fuppofing the contents of the two 

cavities 
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taken' together = c =———(< 1 8 )= 3 1 50:^ griihs, 

10 

and the faltpetre made ufe of in each of the experiments sr/^ 

nc 
then — will exprefs the denfity of the fluid contained in s 

/ 

{pzcc^f. But the non-eladic fubAance$=m which are in 
the faUpetrc mud be dedu&ed from /, call their bvlk^r^n ; 

nc 
then f-^rm will exprefs the quantity of the fluid, and 



I * < ■■■ ^ 



will exprefs the denfity of the elaftic fluid when confined in 
the falrpctre. 

122. The fpecific gravity of the Acrid generated front 
nitre is Aippofed to be equal to the atmofpherio ah*. Tabe5 
fince the fpecific gravity of air to faltpetre is as i : 1520* and 
the contents of the two cavities taken together are equal to a 
quantity of faltpetre =r, the quantity of air in the machine 
(Fig. 6.) capable of producing alt effeft m eqyal to that of the 

fluid A^/B will be reprefcnted by the eTcpreflion . Then 

f-^m-^ ; and fubftituting in this equation, the knowa 

values f =31502, /=6 grains, »=— ^, that of m will be 

21 

* * ■ 

=4 grsHns ; and as the quantity of elaflic fluid contained in 
nitre is propartionf^te to its ma£s (57), it will be expreijed by 

Ac ratio -^—r— = T of the mafs of faltpetre. It does not 

■ / 
fblloWy becauf? the (pecific gravity of this fluid 'is eeual to 
the aitmofpheric air, that it has all the other properties of it ; 
much left that if is pure air : For it has \^en pr^r/td in th^ 
former part of this work, that the greater the rarefe^Hoti 6t ^ 
the ttr, the more dtflicultly powder is fired. Now the elaftic 
4nd generated from the 6rft burnt grains not fuppjying the 
want of natui^a! air, we muft at leaft allow, tbiat 'at the firft 
inAaotof its generation it is deprived of the property which 
the aerial fluid poflefles, of accelerating the burning of com-* 
buftibie bodies. It would be a refearch foreign to our pnr- 
pofe, CD enquifle whether the elaftic fluid does or dc^s not 
acquire this propcny feme time af^r its produfiioQ; 
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123. In the theorem -: (121), if the knoim valuii 

.of r, «, /, w be fubftituted, and r=-^ ; that is to fay, if 
.the denfity of the non^^elaftic fubftances be equal to the den* 

tic 

fity of the fixed nitre, t; =94^ > the denfity of the ela£* 

tic fluid is then 942 times greater when inclofed in the iait* 
petre, than wiien in equilibrio with the prefliire of tho 
atmofphere. 

124* The quantity and denfity of the elaftic fluid con- 
tained in fahpetre being known, it will be eaiy to find the 
denfity of that ^neratra from a quantity of powder fired in 
41 clofe veifel. Stippofe the veflel be exprefled by a maft of 
.fidtpetrct the weight of which=G| the daftic fluid will 

{csi— the non-elaflic fub(lances=-— 4^ and thdr nuib «p 
3 3 

3|^ (122). Thus G^3|^=^, wai be the Volume 

of the fliild — . 

3 

If the quantity of powder fired in the veflel G be expref- 
led by hJ^py where h denotes the quantity of fluid contained 
in the powder, and p the fulphur, charcoal and fixed nitre ; 
and after the exploiion, the mafs of non-elaftic fabftaooes 
s=f ^, then the volume of the fluid, after the powder is firad, 

#^ 

will be G— f/. Now, if the value of this fluid was=— , 

3 
Its denfity in the vohime G— /^ would be to its denfity in 

the volume -i^ a. ^;-^ :^^-^Xg^^.^3^::94a: 

Q42 X o — /fy = 7k . But if the volume of the fluid 

be only A, then the proportion will be — : A : : ^ : 

icooA 2 ^^ 

^^ ' the dendty required. For example, fuppofe the vef« 
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J G be filled with war powder : From the compofidon of 
this powder ^^=^3^6, and a veflel which could contain a quan- 
tity of faltpetre = G is filled with a quantity of powder 

weighing ^^ , and the value of q is known by other expc« 

riinent^=to about — : then h+p=Ah="^ i now"lub- 

9 38 . 

ftituting in the place ofh the numbers and values of G and/^, 

3 is^i 

x£ die fluid produced in the veflel G is^equ^^lin tbii; ^^.fp 
19s times the denfity of the fame fluid when its elamcity as 
equaiito the mean (MeflMre^ofthe atmofphere. 

IS5. To determine the elafticity of the fl^id geaec^ft^ 
from a given quantity of powder fired in a ddfe veflel^ dM 
of thdfe two theorems 

may be ufed : the firft when the denfity of the .fliud is le(s 
than 20 ; the fecond when it exceeds 20 : in the firft cafe, it 
will'befufficient to find, according to the method laid down 
in the preceding paragraph, the value (rf*. the dcQficy ^f tbe 
fluid, then fubftitudng this value in the place of n in the firft 
theomn, the prdHire of the fluid againft aiupfxfid(» S^will 
be cxprdScd in pounds. Icitbe iecqnd theQrf|%,.inii(q|d*6f 
m infen 942, which exprefles the denfity ol the fluid ^ivhen 
inclofed in the nitre (123) » ^d inftead of n, the y;due of 
the denfity of the fluid generated from the nitre found as in 
dMtl preceding paragraph* Then the prdliire of thed^flicity 
of the generated fluid on a fuperficies S will be expidKd in 
pounds. 
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CHAP. II. 



The Methods of Measuring the greatest Foftcs 
QF FIRED Powder at the Instant of Explosioh 
IN A Vessel that can neither increase in Size 
nor alter in Form. 

Xl6* xF it be fo difficult to meafure the eladicity of 
the permanent fluid in its mod fimple (late, how little rea* 
fon is there to expert, that its force at the inftant of explo- 
fion can be afcertained with precifion, when the fluid is 
greatly complex, and when from various caufes, its elaflicity 
may be increafed or diminifhed. In fad, it is impoflible to 
define either tiie quantity of fluid generated at each inflant 
of the inflammation, the intenfity of the fire, or the manner^ 
in which it fpreads and propagates itfelf among grains of 
diflferent kitids of powder,, or even of the fame, wien ufcd 
under difiierent circumftances ; the^ degree of rarefadioa in 
the common air contained within and between the grains^, 
the elafticity of the fmoke, and the increafe of elaflicity ib 
the permanent fluid arifing from the preflure of the fubflan* 
ccs^ relatively confidered as non-ela(hc, when expanded by 
tbe adion of heat, are equally unknown. 

The folution of fo involved a problem would feem to fur« 
pafs huoian flcili, fince from the (hort duration of the phoe* 
nomenon, the numerous circumAances that zffe6i it cannot 
be analyfed ; as no method can be devifed of afilgning tb« 
exaA quantity and force of each, either by feparating at the 
inftant of inflammation the fmoke from the other parts, 
preventing the expanfion of tlie non-elaflic fubflances, or 
obferving the law in which the fluid is generated. The ut« 
mofl we can do is to afcertain the greateft force refultiog at 
the indant of inflammation from the reunion of all thefe 
paufes, by the help of fuch principles as we may be able to 
eftabliih. To avoid entering into too long a difcuflSon, let 
us fuppofe the powder to be fired in a veflel fo completely 
filled, that no void fpace be left, except the interflices be- 
tween the grains. There are three different cafes in which 
powder may be fired : 

<• la 
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I • In a vdTel that cannot increafe in iize or alter 
in form, with the vent clofed at the beginning of the 
explofion. 

2. In a (imilar veflel, with an aperture left for the 
dcape of the fluid. 

3. In a veflel which by the force of the explofion 
expands or increafes in fize^ and ^ords an iflup to the 
fluid. 

It is evident, that on firing equal quantities of pow- 
der of the fame quality^ in veffels perfe£Uy equal in 
every refped, the degree of force will be greater (113.) 
in the firft cafe than in the fecond or thirds and in 
the fecond than in the third. 
127* The firft cafe can never occur in the ufes to which 
powder is applied in military operations. The fecond hap- 
pens fometimes in the chambers of mines, where the (br« 
rounding fubftances do not yield to the explofion ; and in 
fiiells and grenades^ whofe refinance is fofficient to put 
them in equilibrio with the action of the powder. The 
third cafe arifes in the chambers of mines, made in fub- 
ftances fufceptible of impreffion, and in fire-arms loaded in 
Che cuflomary manner. 

The principal methods of meafuring the gtvateft force of 
fired powder in the fecond cafe will be treated of in this 
chapter, and in the fubfequent ones, the method of mea* 
furing it in the third cafe : confining our obfervations 
however to its eflfeiSls on fire-arms -, fince in the third book 
of Military architecture, and in the Treatife of Artiileiy^ 
the application of powder to mines is amply difcuflled. 

is8« To meafur6 the greateft elafiicity of the fluid pro- 
duced from fired powder, it ma^ be compared with the three 
fblkiwing refiftanccs, the weight, cohefion, and elafticity 
of bodies. It has been found from experiment, that the 
grelteft elaflicity of powder fired m an invariable veflel, from 
which the elaftic fluid can efcape by the vent (126. N^ 2«) 
is equal to about 1800 times the mean preflure of theat- 
mofphere : the machines therefore for meafuring the greateft 
foroe of diflferent powders (40.) muft be capable of a very 
great refiflance, and the weight to exprefs the force, very 
confiderable, which renders it extremely diflicult to conflru<9: 
fudi complicated machinery, with the rcquifite exadhiefs 
ind 9C€tiracy. 

129* If 
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1 10. If tc reJuce the weights, or fimplify the machinoy, 
the auar.tity ot powd-jr be leis than the vcffel could contan, 
the tJ*. v.i produced at the convnencemcnt of the inflam- 
ma: tot'., bcii'.g di'Tafed through the whole veflcl, will not 
be cxpolVd to the fime degree of hear, as if the vel&l were 
fsilU a"d the powder burr/m^: in each point. Tbus with 
equal quai; cities cf powder, the claiticit) will be in propor- 
fion to the'ilzcof the cont^inii^i: veiuls ; and invefllelsof 
c<{ual contents, in proportion to the quznticy of powder. 
Tlicrefore, to afcertain the greareft elailiciiy from the eflfeds 
cf a fmall quantity oi powder tired in a large vcfL'I, it will 
he necctFary* ro repeat the experiment with different quan- 
tities cf powder, till the m.iximuni be dlfcovered. 

130. The form of the vetTel (hould be fuch, as to admit 
of the powder being fo co!!eded, that the whole may take 
Are in the thortcll time potiible, and ail inttantly upon the 
/urfiice of the refiAing body, whofe motion is to de- 
termine the piei!ure of the fluid : For if it be not in contad 
nvith the mobile, inftcad of an action of preiTure, it will be 
an aAion of impuUion, and the force ccumunicated wil 
be much £:reatcr, than is the prefcnt object of this. refearch: 
to render tlic experiment con;.Iuf:ve, this circumftancc muft 
be carctu!ly attcndcti to. 

131. In the common mode of proving powder with the 
fmail mortar, the weight of a globe is opposed to the explo- 
fion : bur this mcthcd cannm aUcrtain the grcateft clafti- 
citv, for the rjobe being proponionally too light, is put in 
motion bclore the full force of the powder is produced. 

The f/^r.T.Mv/cV, is a verticil machine invented long ago, 
for comparing the force of different kinds of powder by 
ir.iMns of weight. But to afcertain (Fig. 7.) the greatelt 
rlallicity, the weight Q^M N Q^S ought to be much heavier 
thnn it' generally is ; it thould only yield to the impelling 
pnwcr when the claflicity is at its higheft degree, and be 
laifiil jnft enough to ihew that it has given way to the a£iion 
nf the fluid. The weight may be increafed or diminifhed 
at plcafurc, bv making it hollow in Q.S Q_ and putting in 
any heavy fuhftances that can be uniformly arranged, as 
fmall (hot, iVc. which will preferve the centre of gravity 
in the vc1lic.1l axis S T of the cvlinder : at the fides of the 
cprotivettc two channelled uprights (hould be placed fo that 
when the bodvXLM N Q. is raifcd, the teeth L L may Aide 
perpendicularly in the grooves. 

132. The 
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132. The theorem 9962 » S=P where aexprefles the 
elafticity of the fluid, and S the furface a£led on, (hews that 
if in this eprouvette the diameter £ F of the cylinder be 
-sV ^f^ foot, S will be =Ty7 : then fubftituting 1800 in the 
place of «, 9962 n S=g()l[^ x 1800 x ttt— 23048^3 : the 
weight Q M N Q^ fhould not be lefs, that it may jud yield 
to the aaion of the fluid in its higheft ftate of elafticity ; 
but as fuch a weight is very ponderous and unmanageable, 
it may be meafured by a lighter mafs, by leiTening the value 
of S without diminifhing the (ize of the cylinder, as follows : 
'33* In ^hc eprouvette AB C D, make a hollow cylinder 
CI KTD of fuch a depth, (Fig. 8.) that on applying the fcrew 
G C P D H of a fufficient length to refift the greateft efforts 
of the powder, the height G I of the fpace I K G H be 
nearly equal to the diameter G H. In the centre of the 
fcrew drill a cylindrical canal OP, and introduce a pia 
of poliihed iron of the fame form, fitting fo exadly that 
the fluid cannot pafs between it and the (ides of the canal, 
with a ledge at P to prevent its falling into the chamber 
where the powder is lodged 1 the axis V P of the cylinder 
being vertical, place upon the head of the iron pin a weigbt 
of which the centre of gravity is in the axis V P with.teet& 
to Aide up and down in the grooves of two uprig^ta parallel 
to V P as in (Fig. 7.) Having filled the fwce G I K H 
with powder, and applied fire by the vent A, the .elafiic 
fluid acting on every point of the fuperfides, will raife up 
the pin O P, and confequently the fuperincumbent weight i 
which may be increafed or diminifhed (131) till Iheiqrce 
of the powder be only juil fufficient to raife it. The height 
to which it is raifed, will (hew the preflfure of the fluids 
for the weight being exprefled in tpounds, the value of S 
is equal to the bafe O in the pin O P» Thus the value 
of n expreffing the elafticity of the fluid may be eafily 
found. 

114. There are different methods of afcertainin^the greatr 
eft force of powder, by the cohefion of the conftituent parts 
of bodies. For example, fill with powder a cylinder of 
homogeneous metal, the fides of which are of equal thicl^- 
nds, fecure the ends fo firmly with ftrong fcrews that 
they will refift the utmoft force of the fluid, and (et fire to 
the powder by a fmall vent made in the middle of the len^b 
of the cylinder, that the inflammation may be as fudden and 
feacra) as poflible. The veflel will then burft longitudi- 
4 nally 
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nally, and the equilibrium between the refinance of ia 
fides, and the greateft elafticity of tlie fluid will be known. 

The theorem for finding this equilibrium is 996a nrs a; 
where r reprcfents the radius of the cylinder, m the ihkk- 
nels of the fides, q the number (U4)ounds requifite to make 
a breach of a foot in length, whatever be the cohefion of 
the metal that the cylinder is made of. Now as r and at 
are known quantities, and the value of q may be known 
by experiments on the pieces of metal broken off from the 
cylinder, by fubftituting them in the theorem, the value 
of n which expreffes the greateft elafticity of the fluid will 
be found. It may be obferved, that thefe experiments fuc- 
ceed better, when the cylinders are at firft thicj^er than 
neceflary, and are thinned a little after each difcharge, till 
they are fo reduced as to yield to the explofion of the 
powder, 

13$. With the following machine, the elafticity of pow- 
der may be meafureJ upon the principles of cohefion, AB 
CD is a cylinder of bronze or iron, (Fig. 9 and la) 
within which is a cylindrical cavity £ F G U to contain the 
powder, it can be cloTed by means of the fcrew I £.F I^ cqutl 
in leogthto about \ of the diameter £ F, and perfoi^erf with 
the vent L M. Put into a cylindrical canal made at GH an 
iron pin O P well tempered and poliftied to prefs perpendi- 
cularly on a piece of tempered iron QjQ^ S S is a bar of 
iron thinner in the middle X Y than at the extremities, 
which are pierced with two holes, 8, 8, to admit the iron 
legs R T, firmly united to the cylinder A B C D. Below 
the iron bar is laid a plate of lead W W, covering another 
bar of iron V V, and the whole is firmly fcrewed together 
by tlie nuts Z Z. On fetting fire to the powder inclofed 
in the fpaoe £ F G H, the inflamed fluid prefles on the head 
O of the pin O P, and confequently on the piece of iron 
Q^Q» which refting on the thin part of the bar S S, endea- 
vours to break it ; which it effedts when the a^ion of the 
powder is greater than the refiftance of ttie bar. The plate 
W W and the bar V V flop the iron pin OP when the 
bar is broken ; thus E F G H is altered as little as poflTible. 

Repeat the experiment with an equal quantity of the 
fame powder, but make the bar S S at each time of a diffe- 
rent thicknefs in X Y, till it yields with great difiiculty to the 
a^ion of the fluid ; then apply a bar equal in thicknefs to the 
laft, and raifuigthe machine by the trunnions io,iOj faften 

it 
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it at a proper height ; fufpend from 9 by the hooks 12, 12, 
and the chaia 11, a bafon loaded with different weights till 
the bar breaks. The weight necefTary to overcome the co- 
hefion of the bar S S being thus known, in the theorem 
696211$ = P put its value expreffed in pounds, and fubditutc 
iti the place of S the value of the pin O P, then the value of 
IT will be found. 

136. This machine may be combined in another manner* 
Tnftead of the canal O P, atid the other parts placed below 
C D ; 2, 3, is a cylindrical cavity, which is exa£lly filled with 
an iron pin 2, 3> in conta(5l with an iron plate, 5, 5, let 
into the thickncfs of metal of the cylinder, the exterior fide 
of which, 4, 4, is even with the luperficies of the cylin- 
der. 6, 7, is an h'on ring which goes round the cylinder 
A B C D, fitting it ex^6lly oppofite to 2, 3, and fo pro* 
portioned that the interior furface touch the plate of iron 
4, 4» After each difcharge, the ring is filed in the part 
7, 7, till it gives way to the adion of the powder; taking 
care to place the machine contiguous to a folid body, that 
it may confine the plate 4, 5, and 2, 3, after breaking the 
rine, for reafons already pointed out. The proper thick- 
nefs for the ring having been determined, find the weight that 
can break anotturr ring of the fame metal and equal to it in 
fhicknefs ; for this puipofe, apply the ring to a ihort cylinder 
of hard wood of proper dimenlions ; let the plate 4, 4, be 
longer than the wooden cylinder that the iron hook 0, 1 1, 
may be hung on the ends. Make ufe of the fame plate, 
4,i|, and the fame ring, that the part which prefo the 
ring mtty not be altered in form from the aAion of 
the weight that is to break it. When the wdght = P is 
tha^ found, to know the elafticity = u ; a prarticular the- 
orem mufl be conftrufled, in which tnuft be inferted the 
▼ahiet of the pin 2, 3, of the radius of the interior circum- 
ference of the ring, and of the thicknefs of metal at the part 
where the ring broke. 

137. Itrefults from thefe C3^>eriment8 fi33ii34>i3s) that 
if a teflel be filled with fmall-grained powder without being 
eoini^Tfled, the greateft elafticity = n will be equal in dry 
weather to i^co hundred times the mean preffiire of the at- 
nofphere, and only 1400 when the air is much loaded with 
vapote ; powder is therefore a kind 6f aerometer. 

Iilthis machine the diameter and height of the hollow cy <• 
TMer were each v ^^ i^^'^i ^nd the contents about 3 drs. 

From 
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From the prindples efhblilhed in the former part of tbit 
work, it may be inferred that by increafing to a certain poiot 
the fize of the veflfel, and filling it with powder without in- 
creafing the fize of the vent, the elafticity of the powder will 
be much greater than that found by the laft experiments, as. 
the fire will be more intenfe, and lefs of the elaftic fluid in 
proportion to its mafs will efcape. To afcertain to what 
d^ee the elafticity will increafe when powder is fired in a 
ve&l with the vent dofed, a fimilar method may be ufed 

(III). 

Fig. ix. Perforate the fcrew lEFK with a canal LM, to 
receive the fcrew G&, which may be turned with veto* 
city by the winch NN. The fcrew G&, muft be longer 
than the canal LM, that as foon as its head exaSy. 
correfponds with the fuperficies IK, the point & which 
has been heated red hot, pafllng through the orifice M, 
may fire the powder contained in EFGH. 

138. From thefe methods of proving the force of powder 
by weight and cohefion, added to the obfervations on the fub- 
je6t in the Philof. Indit. there will be no difficulty in apply- 
ing elafticity to the meafurement of this force (127). A 
4>ring ftropgly bent oppofed to the movement of theinm 
pin will fuffice for this purpofe ; but the greateft force of the 
powder ought only to increafe the tenfion 9f ihe fpring enough 
to make an impreJIion on foft wax, or fome fimUar fub- 
Aance. 

139, We will conclude this chapter with remarking the 
difference obfervable in the a6livity of fire on burning 
equal quantities of powder in veftels of different fizes. Fit x 
fcrew EMNF to the part CDHG of the eprouvette, (Fig. 
8.) and perforate it with a fmall canal TY } at the bottom 
of the fcrew make a cavity in form of a troncated cone 
MRSN, and fill it with tin perforated through the middle^ 
lb as not to ftop up the cavity T Y : having clofed the vent 
XI, and filled IKGH with powder, apply the fcrew EFMN, 
and fet fire to the powder by TY, through which all the 
elaftic fluid muft of necelfity pafs. On unfcrewing EFMN, 
apart of the tin will be found melted. To collcclthe quantity 
melted in this experiment, a roughplank (hould be placed about 
a foot diftant from T Y, and after the cxplofion, the melted 
lUbftance will be found fticking to it. On burning the fame 
quantity of powder in a vclTel much larger, the tin will not 
aelty and if it be burned in the open air upon a (beet of pa« 

per. 
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per, the piper will fometimes be but little damaged. This 
difemice of eflfeAs proves how much the a£^vity of the fire 
varies ; hence, alfo the elafticity of the fluid muA have al-* 
tered very confiderably during the courfe of thefe experiments. 
This will ' explain the reafon why fire-arms foon become 
heated, and the vents enlarged after firing feveral rounds 
with wads (Irongly rammed ; while the fame cffe£^s do not 
take place when the wads are lightly rammed, though the 
Cime quantity of powder be ufed with the fame intervals of 
time between the difcharges. 

By the experiments with the fcrew EFMN, the metal bed 
adapted for making bouches for j^uns might be afcertained. 
Make a troncated cone of each of the metals intended to be 
frovtdj and place it in MNRS ; that which fuftains tho 
afiion of the powder, with the leaft alteration^ is the beft. 



CHAP, III. 
Or t*HB Modifications jv the OENsitATioH of 

THE ELASTIC FlUID IV THE CYLmDRIC BoRE OP 
FlRS^-ARMS, WHEN AN OBSTACLE IS PRESENTEH TO 
it's PASSING THROUGH THE MoUTH Of THE PtECE* 

140. W HEN the charge is not too fmall, nor the gun 
too IteS, the (hot in pafling from the chaiging cylinderto the 
mouth of the piece is impelled by frcfli elutic fluid^ which is 
eofitinuaiiy generating. This accelerated motion is the ef« 
feft of the peflure of the fluid, whenever the fhot has beoi 
fltongly rammed upon the powder ; when it encounters other 
oUtacies as in rifled barrels ; or, when at the commence- 
nitnt of its motion, the re(i(hince is equal or fuperior to 
theitnpulfion of the fluid, which endeavours to expand itfelf 
tcmardst he mouth of the piece. But if there be no refinance ; 
or only foch as the impuifion can eafily overcome, as when 
the charge is not wadded, or but ilightly ; or when the wad 
o^er the powder is made of fubftances eafily penetrable by the 
daiHc fluid, as twifled hay or ftraw, the movement will then 
bethe cfFe^of impulfion. In the firfl cafe the veloeity at 
eich point of the length of the bore is in' the fubduplicatp 
nib of the fuperficies, that exprefles the fum of the preflfurea 
in the fpaces paiTed through by the fhot i but ia the fegoh^ 
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h is compounded of this fubduplicatc ratio added to the .con« 
ftant quantity commuiiicatcd to it by impulfion. (Philof. In* 
flit.) The former as being of moft general ufe (109) merits 
the tirA attention. 

141. Jf the law of the generation of the fluid were con* 
flant, and the intcnfity of the Hre uniform, the fcale of preT* 
fures might be eafiiy determined, and applied to fire-arms of 
all calibres; but thefe are fo modified from a variety of 
circumftances, that tlie rSfult of all experiments aflFords a 
folution adapted but to particular cafes. Before we defcend 
to particulars, let us examine under a general point of view 
the modifications that arife from the different degrees of 
rcfifiance oppofcd to the fiuid ; and adduce a few fimple 
experiments to demonfcrate that the production of tlie fluid 
varies according to the refinance oppofed to its expIofion» 

142. Thefe varieties arife not only from the mafs of the 
(hot and wad, but alfo from their fri£^ion againft the part of 
the bore contiguous to the charge. 7*o increafe the fridlion, 
thev make ufe of wads that enter with diflSculty into the gun, 
ana are firongly rammed upon the powder. By thefe means 
the powder is colleded into a very fmall fpace clofe to the 
vent, and burning with more rapidity, the force of the fluid 
is greater ; provided that a fuflicient interval be left between 
the grains for the propagation of the fire. 

143. Some dry reeds were cut into lengths and placed in 
three rows, each was numbered ; and No. i of the firft row 
was of the fame length and diameter as No. i of the other 
two rows; and fo of No. 2» 3, &c. They were charged 
with a cjuanlity of mufquet powder equal to one diameter ; 
thus the three of the fame number had an equal charge. A 
bit of rng was lightly preflcd into thofe of the firft row ; over 
the fame kind of wad a leaden bullet was put in thofe of the 
fecond row ; and into thofe of the third, a fimilar wad was 
ftrongly pivffcd without a bullet. The cxplofion burft all 
the reeds in the thirJ, and more than half of thofe in the 
ff cond row -, but thofe in the firft remained entire, though 
they were fired four or five times in the fame manner. Ef- 
fects ainioft lunilar took place in fmall tin guns i of a foot in 
length, and equal in diameter to a ball weighing I- of an 
ounce. 

Now the only difference between thefe difcharges was in 
tlie rcfiftancc oppol'ed to the iiTuc of the fluid through tiit 

mouth 
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ttiouth of th^ piece; the weight of the bullet in the fecond 
vow, and the increafe of fridion in the third making the 
refinance greater than in the firft : whence, the greater the re- 
iiftance the greater quantity of the fluid is produced ; and it 
may be further inferred from thefe experiments^ that the refift- 
'ance from friftion may exceed the refiftance proceeding from 
the Hs Inertia of the bullet. The ufual method of blow- 
kig rocks, proves how powerful a refiflancc fridion prefents : 
The miners after drilling a hole 6 or 8 inches deep, fill 
about half of it with powder, and the remainder with earth 
ftrongly comprefled ; and fet fire to the powder by a little 
fauciflbn that paflTes through the earth. 1 he friction and 
the adhefion of the earth to the (ides of the hole are fo great, 
that the powder not being able to force a paflage burfls the 
rock. 

144. In the preceding experiments it was proved .from 
the refiftance of cannon, that the clafticity of the fluid is in 
proportion to the obftacles oppofed to the explofion ; this 
will be further demonftrated from the velocity of the (hot. 

Fig. XL Take three piftol barrels equal in length ; 
let the bores of two of them be exa<£tJy of the fame 
diameter^ but that of the third equal in diameter to the 
other two only in the part AB, which contains the 
charge, and diminifliing in diameter from B to C, fo 
that the leaden bullet P cannot pafs into BC without 
changing its form. To load this laft piftol, which we 
will call No. 3. unfcrew AF, and holding the piftol 
vertically, put in the bullet and as much powder as will 
fill the chamber to A and all take fire ; then fcrew on 
AF: put into the other two piftols equal quantities. of 
powder of the fame quality, and bullets of the fame 
diameter and weight as in No. 3 j in No. i. prefs a 
wad lightly over the powder; but in No. 2. ram down 
a very high wad, to touch the powder but not to com- 
prefs it fo as to diminifh its bulk, which fhould be equal 
in the three barrels. On firing them againft the fame 
butt, the bullet from No. 2 will penetrate deeper than 
that from No« i; and the bullet from No. 3. much 
deeper than that from No. 2. ; the bullet of No. 3. 
will penetrate as deep as a bullet fired from a piftol twice 
or thrice as long and charged as No. i. 

145. Having thus fliewn tliat alterations in the refiftance 
jpfoduce very confidcrable modifications in the prQdu<5lion of 
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the fluid, in proof of which many other experiments might 
be adduced, let us now examine them ; and for the fake of 
rendering the refearch lefs difficult, fuppofe ; 

1. That the charge is always coUeded together in 
the fame manner at the bottoiii of the cylinder ; the 
gun always fired in the fame direction ; and the refiftance* 
oppofed to the explofion expreflcd by the weight of a 
cylindrical body, of a calibre exadly fitted to the bore 
of the gun : then the refinance will be in proportion to 
the length of this body. 

2. That all the grains take fire, but are not totally 
confumed before the refifting body begins to move ; 
which experience proves to be the cafe with moderate 
charges, when a fufficient reGflance is oppofed to the 
explofion. 

Fig. XII. Let the part AE in the cylinder ABCD, 
clofed in AC, be filled with powder; and R exprefs 
the refiAing body contiguous to the powder in £. If 
all the elaAic fluid- be generated before the body R be- 
gins to be fenfibly in motion, and in paffing from £ to 
B preferve the fame degree of heat ; the preflure of the 
fluid in A£ would be the (fa-ongeft poiTible. £xpre(fing; 
this prefiiire by the line £F, drawn at right angles to AB, 
the preflTurcs of the fluid in the fpaces AH, AG, Al, 
will be exprefl[ed by the perpendiculars HL, GM, IN^ 
&c. which with £F will refpeflively be in the reciprocal 
ratio of the diftances A£, AH, AG, AI, and a line 
pafling through the extremities F, L, M, N, O, will 
be an equilateral hyperbola between the afymptotes AB, 
AW; fuppofing the fluid to be fubjeA to no other mo- 
dification than expanfion. 
146. It has hitherto been fuppofed that all the elaflic fluid 
is generated before the projedile begins to move, and that 
the intenfity of heat caufed by the entire confumption of the 
powder fuffers no diminution. But the fecond part of this 
fuppofition is evidently impoflible, for in powder of a good 
quality all the fluid is not difengaged before the whole of the 
nitrous and combuflible particles are confumed, the heat mufl 
therefore decreafe, as foon as the fire is extind, in proportion 
to the expanfion of the fluid. Wherefore, the prefTures in 
the points H, G, I, K, will be necei&rily lefs than the cor- 
refponding perpendiculars H L, G M, I N, K O, &c. The 
firfl pofition is only admiflible when the refiflance of the body 
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R is equal to, > or greater than the grcateft preflurc of the fluid 
in A E : but if R be not capable of refifting the a£Hon of the 
fluid, it will begin to move towards B as foon as there is a 
fufficient quantity of elaAic fluid produced to overcome its 
refiflance. Thus, not only the prefllire on each phyficat 
point of the fpace ACE will be exprefled by a right line 
ihorter than E F; but if the weight of R be fo diminiflied, 
that it makes the lead reflftance poflible, the line that will 
cxprefs the preflure of the fluid when R begins to move, will 
be the (horteft of all the lines that can be drawn between E 
and F. 

147. The column of air contained in the bore of the gun, 
and communicating with the external air, is the lead refift- 
ance which can be oppofed to the expanfion of the fluid. 

Now exprcffing by E V the prefllire of the fluid that begins 
to move the refifting body, and by H T its preflure in the 
fpace A H, the line H T will be longer than a fourth propor- 
tional to A H, A E, E V, fince the fluid in pafling from 
£ to H is continually acquiring greater elafticity from the 
fucceffive generation of fre(h matter. It will be the fame 
vfith the lines that exprefs the preflure in the fpaces A G, 
A J, &c. till the powder be entirely confumed : thus the line 
VT S 2 pafling through the extremities of thefe perpendicu- 
hrs, will be a fcale to determine the limit of the weakeft 
preflure that the fluid can exert in the fpace A B C D« 

148* But when the powder is entirely confumed, the pro- 
portion between the lines that exprefs the prefllire of the fluid 
will be changed* Suppofe that ail the grains are confumed 
when the fluid reaches I, and that the preflTure in the fpace 
A 1 be exprefled by I 2, this line will be neceflEirily fliorter 
than IN; for according to fuppofition, I N reprefents not 
only the efied of all the fluid, but alfo of the greateft degree 
of heat that can be produced by the entire confumption of all 
tbe combuftible fubftances : but in 1 2, if the mafs of the 
fluid be the fame, the degree of heat is lefs, whence its elafli- 
ctty and of cowfe its preflure will be lefs : the fcale V T S 2 
can never touch the hyperbola F L M N O, which may 
therefore be confidered as the limit of the grcateft preflHire of 
the fluid. When the fluid reaches K, the preffiirc K Q^ will 
be lefs than a fourth proportional to AJEC, AI, I2; for 
as no frefli fluid will be generated between I and K, and the 
heat is decreafing, the elafticity will be lefs. At 3 and the 
•ther points in fucceflton, the fame reafoning will hold good. 
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The folic of prcflures V T S 2 QJ? beginning to form a curvt 
at 2, the part 2 QJP will always approach the right line A 
B, till the fluid be equal in elafticity to the atmolpherc ; to 
eftablifh this equilibrium the gun would require to be of a 
very great length, if no part of the fluid could efcapc through 
the vent. 

149. The fcale will neccfTarily diverge from V towards 2 ; 
afterwards it will continue to diverge from, become paraild 
to, or converge towards A B, according to the quality of the 

. powder, and other circumdances that tend to modify its 
cfFeds. 

150. A greater number of grains are confumed in A E, as 
the refinance of R is the greater ( 145) ; thus the heat being 
increafcd in this part, the powder will be confumed more 
rapidly, and the. nearer to A £, will be the point where all 
the combuAible fubflances are confumed. The true fcale of 
preflures wiU then be between the afligned limits (147, 148, 
149)9 without touching them, till the powder be totally con- 
fumed. No general rule can be laid down for the proportion 
in which the increafe of heat accelerates the burning of the 
powder in pafling along the bore of the gun, from the many 
drcumfiances that concur to modify its efFe<^s, and the im- 
poffibility of afcertaining fomeof them. Vide ift part. 

151. The preffure of the fluid in A E being proportionate 
to the refiftance of R ; if the weight of R remain the fame, 
the preffure by which it will be fet in motion without regard to 
the more or Icfs rapid production of the fluid will not vary, 
whatever be the quantity and quality of the powder. 

152. But the prcffiircs in the fpaces AH, AG, A I, 
will be modified, not only by the quantity of elaftic fluid 
generated in A E, but alfo by the quantity and quality of 
the powder and the fize of the grains. Suppofe that the 
charge A E has given a fcale of preffure X Y Z (Fig. 13.) • 
reduce AE to KE and fill K E with powder of the fame 
quality, and equally colleded as AE; there will be the fame 
preffure E X, if R prcfcnt the fame refiftance (151). But 
in the fpaces K H, KG, tiic prefl!ures H L, G M will be lefs 
than H Y, G Z. This equality of preffure E X in the two 
charges arifes from the fame quantity of fluid being generated 
in the two fpaces A E, K E before R began to move : if 
no freih fluid were produced between E and H, fuppofing 

EHr= 
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AE 
EH = AE, and KE= , the preflure of the charge AE 

2 

in the fpace A H, would be to the prcflurc of K E in the 
Ipace H K as — : — : : 3 : 2 j fince the elafticity is in 

proportion to the denfity. But between E and H a frefli 
acceflion of fluid is produced in both charges, and thegreateft 

5»uintity in the largeft charge ; fo that the preflure of the 
malleft chai^ in KH w'll be proportionally lefs than the 
prdHire of the larger in A H s the fame mav be obferved of 
G Z, G M. If, .on the contrary, A E be increafed to E P, 
and filled with powder of the fame quality, and equally 
colleded as before, the refiftance of R remaining the fame, 
the preflure of the fluid EP v^ ill always be equal to EX; 
but the prefllu-e in P H, P G will be exprefled by H N, G O 
longer than the correfponding lines H Y, G Z. 

1 53. On firing two powders of diffxirent qualities, A E 
and R remaining the fame, the fcale of preflTures produced by 
the firft kind of powder being X Y Z, that produced by the 
fecond will Jikcwife begin at X (151); but the remainder of 
the fcale will pafs above or below X Y Z, according to the 
rapidity with which the ponder is confumed in equal times, 
or to the greater or Icfs produciion of the fluid. 

154. From thefe remarks may be deduced the difference 
between two fcales that exprefs the prcflures of the fluid in tvvo 
guns of different calibres, charged with proportional quantities 
of the fame kind of powder. 

Fig. 14. Let A B C O, D H P M, be the cylindric 
bores of two guns, the calibre D M of the one v the cali- 
bre D B of the other : exprefs D M by D and DB by //; 
then the refiftance of the fliot contiguous to the pow- 
der in N will be as D' : //' J and the charges HN, 
C N will be in the fame proportion : the perpendiculars 
that exprefs the preflures^ N V, N X, will be as D : ^j 
that is, as the diameters of the ftiot. For the number of 
phyfical points in the fuperficies of the (hot againfl 
which the elaflic fluid ads, is in the duplicate ratio of 
the diameters, that is as, D* : ^*, thus, in the ftatc of 
equilibrium N V x D* = D' and N Xx^* = ^^j 
then N, V : D : : N X : //, and by tranfpofition N V : N 
JC::D;i/» But the ratio between the coirefponding 
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ordiilates L I, L Y will be greater than between N V^ 
NX; for fuppofing the fluid in the fpaces H P N^ 
A C N to have the fame degree of elafticity, and the 
frefh fluid produced by the fuccefllve inflammation of 
the griUns between N an4 L to be proportional to the 
charges, a greater preflure would be exerted in H P L 
than in A C L, as the fluid is more denfe in the former 
than in the latter : but the preflure in H P N is already 
greater than in A C N, fince they are in the proportion 
of N V to N X. Thus the preflures being greater, and 
confequently the Are being more intenfe, a greater quan- 
tity of elaftic fluid will be generated in the larger cylinder 
between N and L; and at L its preflure will be -much 
greater than that in the fmaller cylinder at the fame 
point ; confequently the ratio of L I to L Y, will be 
greater than of N V ^o N X. This reafoning is equally 
applicable to the point D in both cylinders : hence it 
n^ay be infefred that the point where the powder is to- 
tally confumed, is under the preceding circumflancei 
much nearer to the place occupied by the charge, in 
guns of large than of fmaller calibre. 
155. When the preflure EX is equal to the refiflance R 
this latter may be exprefled by (Fig. 15) EX; and will be 
proportional to the height of the reflfling cylinder (145, No, 
I ) in guns of the fame calibre, or to the diameters of the 
fliot in guns of diflerent calibres. With low wads not rammed 
VPith force, the line X F Z exprefling the fcale of preflfures 
will from the beginning fenfibly diverge ; but with wads 
ftrongly rammed, the mftion increafing the refiflance, the 
fcale of preflures will be the line K H Y; in which the firft 
preflure E K is greater than E X, in proportion as the fridion 
of the wads exceeds their weight ; and all the fcale K H Y 
will be farther diflant from the axis E G than the fcale X F Z : 
but though at the commencement of its motion K H Y di- 
verges more from E G than X F Z, yet it foon converges 
towards it ; thus its greatefl ordinate is much nearer the point 
E, than the greatefl ordinate of the fcale X F Z. 

It would be too tedious to enter into a detail of the feveral 
experiments that might be made in conflmation of what has 
been advanced fince the 1 50^^ paragraph ; the reader by a little 
reflection will readily difcern the principles on which our rea- 
foning has been founded; and from the fequel, a Ample 
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pnidical method may be devifed of proving their force and 
juftnefs. 

156. Since the cylindrical bore of fire-arms (hould be in 
equjlibrio with. the a£lion of the fluid generated from fired 
powder, the thicknefs of metal mud at every point of their 
length be proportioned to theordinates of the fcale of prefTure: 
this may be reduced to the four following cafes ; 

1. When the fcale is parallel to the cylinder, the 
thicknefs of metal (hould be the fame throughout the 
whole length of the gun. 

2. The fcale may diverge from the axis A £ G in 
advancing from £ to G ; or after diverging it may run 
parallel to the axis; in both thefe cafes there (hould be 
the fame thicknefs of metal from the breech to the muz- 
zle, fince the fides muft be in equilibrio with the greateft 
ordinate. 

3. It may from the point £ diverge from the axis to 
a certain point, and then converge towards it; in this 
cafe, the metal (hould be of equal thicknefs to the point 
of the greatefi ordinate, with which it noufl: be in equi- 
librio; thence it m^y diminifh in the^ratio of the cor- 
refponding ordinates. 

4. It may from the point £ continually converge 
towards the cylinder ; then the thicknef»of metal (hould 
diminilb proportionally from the breech to the muzzle. 

1 57. The entire fcale of preiTures can* be deduced from the 
thicknefs of metal only in the jb^rth cafe; in the third cafe» 
that part of the fcale only is kno^ tfiat conyei^es towards 
the cylinder; in the two firfi, the' g/i^teft preffiire'of the 
fluid is only pointed out. 

158. In mufquet ^charged widi fire- work, fowling, or can-' 
non powder, and the wads well rammed, tlie fcale of pref- 
fuies is found to correfpond with adual experiment in the 
fourth cafe ; and likewife in the third, if the wad be rammed 
mih lefs force; (ince the greater this force, the farther from 
£ where the charge is lodged, is the greatefi ordinate of the 
fcale. 

In the following chapter will be pointed out the method of 
determining experimentally the fcale of prefiures in fire-arms 
of all calibres. 
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CHAP. IV. 

Of the Initial Velocity of Projectiles, avb 
THE Law under which they are Impelled 

FROM FlRE-^ARMS OF CYLINDRIC BoRES. 

' 159. X HERE are three methods of determining thq 
initial velocity of proje<aiIes : by deducing it from a know- 
ledge of the line they defcribe in their flight; by meafuring 
i^ indrumentally near the muzzle of the gun ; or by a third 
mode, which may be adopted whenever the thicknefs of 
metal is proportional throughout the length of the cylinder 
to the preiTure of the fluid. The iirft method has been 
already treated on (Philof. Inftit. ) and there will be occafion 
to mention it again in the following chapter ; the fecpnd and 
third will be for the prefent the objects of confideration. 

i6o« Benjamin Robins, an tnglifh Engineer, was the 
firft perfon who thought of applying inftruments to cqeafure 
the initial velocity of a ball of rmall calibre, near the mouth 
of the gun. His method confifts in firing againft a pendu- 
lum, moveable upon its axis of fufpenfion, which defcribes 
an arch proportionate to the (hock of the ball. The exad 
meafure of the chord of tli^arch, the weight of the ball and 
pendulum, the centre of gravity and ofcillation, and the 
iliftance from the axis of motion to the point of impadt, (hew 
the abfolute velocity with which the ball impinged on tbfi 
pendulum. 

•'Fig. 16. To apply this inftrument C E for meafur* 
ing the initial velocities of balls from mufquets or wallr 
pieces ; it (hould be made of iron, and hung at right 
angles to the axis of fufpeniion A B, which muft be 
. about a foot in length ; to D E is fcrewed a plank of 
about nine inches fquarc, and of fuch a thicknefs that 
the ball cannot penetrate to the iron. For the ex* 
periment, the pendulum is fufpended (Fig. 17.) from 
a triangular frame; underneath it, is placed a piece of 
wood cut in the arch of a circle, of which the circum- 
ference is defcribed from tlie centre C with a radius 
greater than C E i and in the plane of the vibrations of 
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the pendulum, a (lylette F is fadened in £, to trace upon 
the fine duft, with which the circumferene G K H is 
covered, the arch defcribed by the firft vibration of the 
pendulum. InHead of the arch of tlie circle, Robins 
ufed a ribband attached to £, which the motion of the 
pendulum drew between two iron plates fixed to a wooden 
bar that was between the legs of the frame, and mea- 
fured the arch defcribed by the pendulum, by the 
length of the ribband drawn between the plates. 
161. The inftrument being placed as above direfled, if 
we know ; 

1. The weight P of all the parts of the pendulum. 

2. The diliance from the point C in the axis of 
fufpenfion or motion to the centre of gravity L, or 
CL=a. 

3. The difbnce from C to the centre of ofcillation 
M, or CM=d. 

4. The length C F = ^ of the radius with which 
the arch G K H is defcribed. 

5. The weight of the ball =q. 

6. The chord of the arch = c defcribed by the 
£rft vibration of the pendulum, and meafured upon 
G K H ; then the motion communicated to the pendu- 
lum, and confcqucntly the velocity with which the ball 
impinged on it will be found. 

Find the diftances C L, C M : it is proved, (Philof. Inftit.) 
diat the vis inertise of a body moving freely round its axis, 
is equal to the produ£l of its weight multiplied by the 
diflance from the centre of gravity to the axis of motion, 
and by the diftance from the centre of ofcillation to ihe fame 
sxis ; and the quantity of its motion is equal to the produA 
of the vis intertix multiplied by the velocity of the pendulum, 
^Hiich is equal to the fquare root of the verfed fine of the 
arch defcribed by the centre of ofcillation. 

Rre a ball againfi the centre of ofcillation M. To find 
the velocity communicated to this point, make the propor- 
tion b: € ::d: -t-> the lafi term is the chord of the arch de- 

c* d 
icribed by this point : The verfed fine of which is -77, and 

the uniform velocity of M during one fecond will be 
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v/til^5^=- v/5I7l8rf(PhUof. Inftit.) which inid>. 

tiplied by the weight of the pendulum and ball, fince this 

does not rebound, i. c. by Pad+ qd\ will give- x Pad+ q^ 

b 

X v/ 32. 18^ for the quantity of motion. Let « be the 
uniform velocity with with the ball impinged on the pendu- 
lum ; as frogi the moment it entered the pendulum, it fol- 
lowed the dfre£lion of its motion, nqd"^ will exprefs the 
quantity of the . motion of the ball : thus in a fiate of 

equilibrium uqd^ =— X Pad+qd* v 32. 18^, and ir ^ 



€xPa + qd\/327iSd , . ^ , 

f . will be the velocity fought, 

x6i. In the fecond place, let the ball Arike a point D, not 
in the center of ofcillation : (Fig. 18) then if/ exprefs the 
perpendicular diftance from the point D to the axis .of mo* 
tion, and x the uniform velocity of t his point, the quantity 

of motion of the point D will be *• x Pad+ qf*^ and if the 
ball impinged on the pendulum with the velocity u, its quan- 
tity of motion will be « j/*. Then the equation will be 

uqf' 

XX Pad -h qf*=^ yf/Vandy= p ^4. /•* * ^^^ '^ ^^^ 

motion of a pendulum is as great, as if its whole mafs were 
united to the centre of ofcillation, and as this centre changes 
whenever the ball impinges on any other point ; by expreil^ 
ing its diftance from the axis of motion by the vis inertie 
Pad + q/* divided by Pa + qf^ the diftance of C G from 
the point G taken as a new centre of ofcillation to the axis 

of motion will be C G = ^^^ + ^/^ . But the radii CD, 

Pa -{- qf 

C G, are proportional to the velocities of the points D, G, 

fince they defcribe the archs DO, G H in the fame time ^ 

then C D : C G : /• : ^^ + ^/* 35 the velocity of the 

^ Pa •\- qf 

point D = AT = — ^' ^J is to the velocity of the point 
^ Pad-VqP ^ 

G = u'^f^-^ =\/64' 36GI where G I expreffes the 
verfed fine ot the arch G H. To 
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To find the velocity u with which the ball impinged on 

ic pendulum, another value of V^ 64. 36 G I muft be 

)ught : As the chord = r of the arch FGH defcribed by 

lie ftylette, and radius C F = ^ are known, the verfcd fine 

f thb arch wUl be — ■ : Then radius C F is to its verfcd 

2 o 

ne as radius C G is to its verfcd fine G I or 
c- ,, Yad^qP . c- P ad + ,/- 

2b •• ?a +qf * 2^* Pa + jf ' 

nd thus the uniform velocity of the point G will bp ex-^ 

refled by A4 - 36 ^^ ^ ^^^^ + ^/^ ; and on com- 

\/ 2i* Pn +J/ 

aring the two expreflions of thefe velocities 
^•^ qf b ^ Pa -^qf 



/^2i8xZf£±^/'^P^-*"^/ the velocity fought. 

bqf 

i63» The weight and length of the pendului:% Ihould be. 
ich that its vibration m^y not defcribe an arch of more than 
ve. d^rees; and as .the balls fired into it increafe its weight 
(id alter the centres of gravity and ofcillatlon, the^values of P^ 
, d* (hould be correded after each difcharge. 

164. SiG. Mattei, mathematical infirument-maker to 
le King, has invented a machine for finding with facility 
tie imtid velocity of balls meafured near the mouth of the 

Fig. XIX. A B is a horizontal wheel with a vertical 
axis C D turned by the weight Q^, appending to the 
rope G G and raifed by the winch N, It may be turned 
in any other manner, provided that its motion be perfedly 
uniform and rapid. A£, BF is a circular band of 
¥rriting paper about 6 inches high, fixed round the cir- 
cumference of the wheel. The gun for the experiment 
is immoveably fixed at 20 feet difiance, and pointed fo 
that the axis of the gun produced would pafs through 
the points H, K, the exaA diameter of the wheel. R 

is a 
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IS a block of wood placed two or three feet from the 
wheel to receive the balls ; it is of elm, that the pene* 
trations may be uniform. 
In ufmg this machine it is requiiite to afcertain when the 
inotion of the wheels is equable, and how time long it takes 
in each revolution ; for this purpofe various expedients may be 
devifed. At Turin we fitted a little excentric wheel I L to 
the axis C D, which at each revolution gave a vibratory 
horizontal motion to a tongue of wood at the extremity o{ 
Which appended a common pendulum that was (hortened or 
lengthened till its vibrations were ifochronous to thofe of the 
tohgiie : the length of the pendulum will fliew bow long the 
wheel is in making each revolution. So foon as the ifochro- 
nifm bet vcen the pendulum and the tongue is eftablifhed^ 
fire the gun and flop the wheel ; the two holes made in the 
rim of paper by the ball, will be eafily diftinguifhed from 
each other by the edges being turned to the point that the 
ball went out at. Stretch a thread in the dirccS^ion M R, 
paffing through the centre of the hole H where the ball en- 
tered the paper. The diftance of the other hole K from the 
point B will be then known : this diftance (hews how much 
one point of the wheel turned, while the (hot was traverfiog 
the diameter A B. 

165. If the mechanifm and ufe of this machine be well 
underftood,' it will be eafy to find the uniform velocity with 
which the (hot paflTes through the diameter A B of the wheel, 
and confequently its uniform velocity during one fecond of 
time. Let D be the diameter of the wheel, c its circumfe- 
rence, / the time that the wheel takes to make one revolu- 
tion, m the diftance that a point of the circumference of the 
wheel turns, while the (hot is traverfing the diameter i then 

C D 

m : D : : C : , the laft term will exprefs the fpace pa(Icd 

through by the (liot with an uniform velocity during one re- 
volution of the wheel : then cxpre(fing by u the fpace that the 
(hot pafTed through with an uniform velocity in one fecond, 

•. • I , . CD CD . , , 

or Us mmal velocity, /: i :: ; j the laft term = « 

m tm 

will exprefs the velocity fought. With this maehine, when 
the wheel turns with an equable motion, /= 4. of a fecond, 

D=; 
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£) = iofeet, and confequently C = 



25 X 10 



then fubAitU' 



ting thefe values in the expreflion of the velocity, 

CD 

— =:»> if the value of /» be the fradion of a foot, the 
tm . 

velocity u wiit be exprefled In feet. For inftahce, if m be 
found experimentally = J of afoot, then 1571 feet will be 
the value of u. 

166. This machine was ufed in making the following ex- 
periments wl^ich lead to the folution of (everal very impor« 
tant problems in the theory and practice of artillery. 

1. The firft gun was 5 ft. 6 in. in length of bore, 
and the weight of leaden bullets was 2I oz. 

2. The fecond was 5 ft. 10 in. in length of bore, 
and the weight of bullet 3^ oz. 

3. A rifled barrel 3 ft. 5 in. in length of bore, and the 
weight of bullet J oz. 

4. Several mufquet barrels of different lengths; the 
leaden bullets weighing i oz. 

The powders were thofe defcribed in the fortieth paragraph. 
the wads were of parchment torn in feveral places, that they 
might not damage the rim of paper faftened round the cir- 
cumference of the wheel ; and lightly comprefled by the fame 
nfao« During thefe experiments particular attention was paid 
to moidure of the atmofpherc, as its variations fenfibly affeft 
tfae force of powder ( I37}« 

167. The following is a table df initial velocities deduced 
from experiments with a mufquet 3 ft. 6 in. in length of bore, 
under three different ffates of the atmofphere. 



Velocity Observed. 



ITic charge of 

Powder was 

7 drams. 



Very moift 
Weather. 



Common War Powder 
Fine Ditto — 

Fowling Ditto — 
t'iit-work Ditto -^ 



1392 
1569 
1566 

1566 



Under a mean Very dry 
ftate of the at- Weather, 
mofphere. 



Feet, 

1542 

^736 

'703 
1706 



/Vf/. 

161S 

1829 

1784 

1779 

Beiide 
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Befide the obfervations on the hygrometer it was remarked^ 
that when atmofphere was very much loaded with vapour, th^ 
bore of the gun was fo moiA five minutes after the explofion, 
that the fixed nitre fell in deliquium ; and the tow ufed in 
cleaning it, was covered with a number of faline particles , but 
on a dry day no moifture could be perceived aftsr an interval 
of feveral minutes, and the tow came out almca^ unfoiled. It 
refults from thefe experiments. 

1. That the velocities of fliot in very dry weather 
exceed by ^nearly y the velocities, when the atmofphere it 
loaded with vapour. 

2. That fine war powder produces in mufquets the 
greateft cSe6k that can be obtained from a combination 
of faltpetre, fulphur and charcoal. It is eflential to' 
add, that with the fame kind of powder, the velocitiei 
were nearly equal in moid, heavy weather; under a 
mean ilate of the atmofphere they varied about if in 
Che loo; and in very dry weather, their diflFerence 

. amountedto 4 in the loo. 

168. The following experiments made with guns of difc 
ferent lengths and calibres, under a mean ftate of the ztfxnof^ 
phere are a proof that fine war powder is the (Irongeft. 

Nature of Kind of Weight of Initial 

Guns. Powder. Powder. velocity. 

Drachms, Fert, 

A %M r * fi. • fl^ine War Powder 7 — I'^oo 

*^ (_Fire.work Ditto 7 — ^ 1373^ 

! Fine War Powder 7 — 1956 

Fowling Ditto 7 — 1920 

Fire- work Ditto 7 — > 1934 

A Wall-piece carrying fFiiie War Powder 20 — 1956 

a leaden bullet, in -J Fowling Ditto 20 ; — 1928 

weight 2^ oz. (^ Fire- work Ditto 20 — ^9^3 
A Mufquet 2 ft. 6in. inC c- ,,, y\.^ , 

length of bore. f^e War Ditto 7 ^ ,736 

The experiments with a mortar made by Major Ronzini 
in the month of Auguft 1761, likewifc prove the excellence 
of fine war powder. The proportions of the mortar were 
very exacSt; it was laid at 45"", fixed in an iron bed weighing 
616 lb. and projeded an iron diot 271b. in weight, tho 

chamb^ 
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ohnnber contained one ounce of powder, the fame charge 
was ufed each time without a wad, that there might be 
die leaft difference poffible. The following table (hews the 
refult.— 



Kind of Powder. 

Mufquet Powder 
Fine War Ditto 


Length of Range 

Tardt, 

— 249 

~ 298 


Fowling Ditto 
Fire- work Ditto 


— 294 

— 296 



169. To afcertain the effe£l that a difference in the weight 
of (hot and windage have on the velocity, three bullets 
were fired from a wall-piece, and two from the mufquet 3 ft* 
6 in. in length of bore. The firft bullet with which the 
wall-piece was loaded weighed 3^ oz. the fecond weighed 
3 oz. the third was equal in diameter to the firft, but equal 
in weight to the fecond, a fmall pebble having been put into 
the centre when it was caft. 

The mufquet bullets were i oz. and | oz. in weight : in 
order to have a third kind, cartridges like thofe ufed by the 
Infantry, which drop without ramming to the bottom of the 
barrel when the mufquet is clean, were made with carabine 
balls. 

The wall-piece was charged each time with 23 drachms^ 
and the mufquet with 7 drachms of fine war powder« 
The experiments were made under a mean (late of the at-* 
inofpherc, and the following table (hews the refult. 



Wall-piece 



Mufquet. 



Balls. 


Initial Velocities^ 






Feet. 


Firft kind 


— 


1770 


Second ditto 


— 


1855 


Third ditto 


.^ 


2068 


Firft ditto 


— - 


1736 


Second ditto 


— 


1834 


Third ditto 


— 


1863 



In thefe two cafes, the initial velocities of the (hot of the 
Ibcond kind exceed thofe of the firft, though a greater quan* 
tity of the fluid muft neceffiirily have efcaped owing to the 
windage ^ and the (hot of the third kind from their greater 

F diameter^ 
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diameter and lefs weight liave a Aill greater initial vdo- 

city. 

I yo. The following experiiTients made under a mean ftate 
of the atmofphere, fhew the initial velocities of (hot impelled 
by different charges of fine war powder. 



Weight of Powder. Initial Velodties. 

Drachm, Fetu 



Mufquet, length 




5 — J 399 

bore 3ft. 6 in. ^ ,7 3 ;736 

I if — 1504 

18 — 2056 

25 — 2060 



Wall-piece, weight I 
of bullet 2 foz. 1 



A mufquet fired with the ordinary charge of 7 drachms of 
powder does not range fo far, as if the charge were larger \ but 
as the barrel would foon become too hot, the fmaller charge is 
preferred. From the experiments made with the mufquet 
( 167, 168, 169,) it will beeafy to deduce by analogy, the velo- 
cities of other fire-arms difcharged in very moift or very dry 
weather. For example, to know the initial velocity of afhot 
from a wall-piece fired in very dry weather, ^ith a charge of 25 
drachms of fine war powder : as its iniiial velocity under a mean 
ftate of the atmofphcTe is 2060 feet, and that of the mufquet 
1736 feet; and the initial velocity of th.e fame mufquet in very 
dry weather is 1 829 feci, by nuking a j^roportion of ihefe values 
1736 : 2060 :: 1829 : 2245 feet, which is the velocity of the 
wall-piece in very dry weather. 

171, Since the inifial velocity of lire-arms of all lengths may 
be thus found, it will be eafy to afcertiin the fcale of preflures 
which the elalVic fluid exerts upon the (hot in different points 
of the bore of the gun. For this purpol'e, fire three or four 
guns differing in length but equal in calibre, charged with 
the fame q jantities of powder : havini; meafured the initial 
velocities of the (hot, fet off from A to R (Fig. 20.) on the 
line A R the lengths of th.e guns taken from the part of the 
cylinder where the fhot is lodged to the mouth ot the piece ; 
and fuppofing A C to be the length of the fiiorteft gun ; A D 
that of the fccond, and A W that.of the longeft •, make the per- 
pendiculars C E, D F, B G equal to the initial velocities of 
the ref,^e5tive (liot ; then a line paffmg through the points 
A, E, F, G will be the fcalc of velocities iii the fpaces A C, 

AD 
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A D, A B, which the ihot has pafled through with an accelera* 
ted motion. The equation of thisfcale may be found in the 
madner laid down in the preceding chapter for finding the 
correfponding fcales S M N O of the prefllires of the fluid. 

272. To obtain the initial velocities, four mufquets of 
diflferent lengths, carrying a i oz. ball, were fired with 7 
drachms office war powder (166), under a mean ftate of 
the atmofphere. 



Length of Barrel from the 
Ball to the Muzzle. 

Feet, Inches, 


Initial Veloci^et, 

Feet. 


. II — 
I 10 

48 — 


»037 

1390 
1736 
I8I5 



Fig. 20. Tlien conftrufiing a figure according to 
the dire£lions given in the preceding paragraph, and 
examining the proportion tfiat the ordinates bear to the 
abfcif&s ; the fcale A £, F G of the velocities it an 
eHipfis whofefemi-conjugate axis A R is 4 feet 8 inches, 
and femi-tranrverfe axis RH about 18 15 feet. Hence 
it refults ; 

1. That the fcale of preflures S MN O is in this cafe 
a right line, which when produced cuts the line of direc* 
tion in the centre R of the ellipfis. 

2. That the initial velocities of guns fired under the 
preceding circumftance, are not increafed by making the 
bbrrds longer than A R. 

To' give a theorem for finding the initial velocities of 
mufquets fhorter than A R, fired horizontally with 7 drachms 
of war powder, under a mean ftate of the atmofphere, 
it mufl be remembered that as the fum of the pref- 

iiiiwARS=RH% then =690312 feet, 

:. ]Kow let A D be the length of any gun ; then the fuperfi* 
ekf'pf the K^inear trapezium A D N S which exprefles th« 



ftm 6f thepreffures will be ^^^^ar"^^" > but the ini- 

F S tial 
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tial velocity D F correfponding \vith this tnpeKium is ex* 
preiTed by the fquare root of the fame fuperficies : 

For example. Let A D be ^ of a foot, D R will be 4 feet 

27 

6 inches or -^, which fubflitutcd in the theorem, will 
o 



givcDF=« = \/i479 26x^_^=\/i47926x||= 

475 feet for the initial velocity. 

173. This method of finding the fcale of velocities in the 
fpaccs, may be pradifed when the wad is flrongly rammed 
on the powder ; for then the greateft ordinate of the corre- 
fponding fcale of preflures is at, or very near to the place 
occupied by the (hot, in the bore of the gun : and there it 
no difficulty in reducing by approximation the line of the ve- 
locities to a regular curve, from which, expreficd geometri- 
ciUy may be deduced the fcale of prefTures. But when the 
greated ordinate is diftant from the part occupied by the (hot^. 
as with weak powder or low wads ; then to find.the curve 
line of velocities, it is not only ncceflTary to make experi- 
ments with the guns mentioned in the preceding paragraph^ 
but with others in which the (hot has a very fmall fpace to 
pafs through, as 2 or 3 calibres : thus the curve line may be 
defcribed from its origin, and any irregularity corrected by 
approximation. 

174. If the fcale of prcflure only be fought ; as the velo- 
cities are in the fub-duplicate ratio of tlie fum of the pref- 
fures, whenever the proportion of two velocities C E, D F is 
lefs than the fub-duplicate ratio of the fpaces A C, A D, or 
of the length of the part of the bore from the (hot to the 
muzzle, then the correfponding part S M N of the fcale of 
pre(rures will converge towards the mouth of the gun : when 
the ratio of the velocities is equal to the fub-duplicate ratio 
of the correfponding lengths, the fcale S M N will be parallel 
to the diredrix AD; and when greater, it will divei^ge 
from it. 

175. Having afcertained the initial velocity = « and the 
fcale of pre(rures, the value of », which expreflcs how much 
the greateft ela(\icity of the fluid afting on the (hot exceeds 
the elafticity of the atmofpheric airj may be fojurKi by means 

of 
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of the theorem »=v ^ — where A exprefles the 

2 r 

height of a barometer made of the fame metal as the (hot ; / 
the length of the fire-arm meafured from the (hot to the 
mouth of the piece ; p the ratio between the area A S N D 
and the reftangle A S x A D ; and r the radius of the (hot. 
For example, take a mufquet (172) 3 ft. 8 in. in length of 
bores:/; as in this cafe A=:2 ft. 10*84 in. r="243 ^"-J ^^^ 

m^ 1 736 feet ; fuppofe / = — : then by fubflituting thefe va- 

• . • , . 706-54 X 3.8 X 2. 1 0-84 X r%n 
lues m the theorem, 1736 = v Tq » 

whence «= nearly 280 times the mean elafticity of the at- 
mofphere. 

176. The initial velocity of cannon balls may be ea(3]y 
found by this method of determining the velocities of 
bttlJets projected from fire-arms of fmall calibre: not only 
the charge that gives the longeft range, and the law of pref- 
fure of xht fluid on the (hot in padlng along the bore may be 
aicertained; bur the greateft elafiicity of the fluid, and the 
point in the length of the bore where it is produced, may be 
determined : in a word, all the folutions of the problems 
rehtive to fmall pieces from the 167 paragraph to the prefent, 
are equally applicable to the largeft cannon. 

To determine the initial velocity of cannon balls, there 
maft be a large homogeneous butt : if neceflary, one muft be 
made of earth, cleared of (iones, fifted ahd well rammed. 
The guns muft be placed near the butt, and at fuch a dif- 
taoce from each other, that the loofening of the earth from 
the penetration of one (hot may not facilitate the entrance of 
the other. The depth of their refpedive penetrations muft 
be meafured, and the values fubftituted in the place of S in 
the theorem S=^D «^, where D expreflfes the diameter of 
the (hot, g its fpecific gravity, and u its velocity, theq 

^ -jiT which is a known quantity. 

o 

Let a waU-puece, whofe initial velocity Is known, be 
[td againft the fame butt ; meafure the penetration of the 

F 3 (hot 
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ihot, and fublUtute it in the place of S in the thconol 

ir=v — rr-: In the room of g and D infert their knotm 

Values, which will eivc the relative value of u : thep by ana- 
logy, the relative velocity of the bullet is to its initial velocity, 
as the relative velocity of the cannon fhot is to its initial velo- 
city. Suppofe, for example, that the leaden bullet jfircd 
from the wail-piece be i inch in diameter ^ D and that iU 
penetration S = 4 feet; as the fpecific gravity of It/td ii 

^=9060 then tt= \/ — — = v — i—, Suppofe again, that 

g u 90 60 

the cannon fhot be 6 inches in diameter ^D and its penetra- 
tion into the butt 14 feet = S, as the fpecific gravity of tfOD 

is 61 15 ; «= V —K = V "7 . Then if the known initial 

"^ g U 6115 

velocity of the bullet fired from the wall- piece be 2023 feet, 
il : v/^ : : 2023 : 1880 feet, which wUl bo tbe 

9060 6115 . • . -; 

value of the velocity fought. 

This theorem will ferve to refolve other problemr; for 
inftance, by knowing the diameter, denfity, velocity dkiA 
penetration of one (hot, the penetration of the other (hot dif- 
fering in denfity, velocity and diameter into the fame butt may 
be found. 

177. From a feries of experiments made according to the 
foregoing principles, under a mean (^ate of the atmofphcre 
with guns, (89) charged with a quantity of common cannon 
powder, equal to about 4 of the weight of the (hot in 32 and 
16 prs ; and to f its weight in 8 and 4 prs: it refults that 
1349 feet will be the mean initial velocity of 32 prs; 1433 
of 16 prs J more than 15 17 of 8 prs; and lefs than 1517 of 
4 prs. 

Lieut. DB BuTET invented in 1764 a very iimple ma- 
chine for meafuring the initial velocity of projectiles. He 
applies a little plate of metal provided with a moveable index 
to any wheel that turns with an equable motion, and fuf- 
ficient velocity ; the index is held at fome diftance from the 
circumference of the wheel, by a thread that is ftretched 
acrofs the mouth of the gun. When the gun is fired, the 
(hot breaks the thread, and fets at liberty a fpring, which 

inflantly 
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Hiflantly prdles the index againfl the wheel, upon ^hich it 
defcribes an arch, till it is checked by the impact of the fhot 
againft a moveable butt, placed at the dillance of a few feet : 
to* this effect one extremity of a rod is faftcned to the butt, 
and the other to the plate ; thus the index is dra>^'n back by 
the rod, which follows the movement of the butt, and ceafes 
to defcribe the arch on the circumference of the wheel. 

The motion of the wheel, the dif^ance from the muzzle 
of the gun to the butt, and the arch defcribed by the index 
being known, it is eafy to afcertain the fpacc that the 
(hot paiTes through in one fecond of time with an uniform 
vdoaty ; or in other words, its initial velocity. To diminifh 
the firidion as much as pollihie, a fmall groove is made in 
the part of the wheel that receives the index, and filled with 
greafe, which prefents a verj' llight refiftance. By means of 
this inftrument the time of the ihot's paiTage along the bore 
of the gun, the initial velocity of (hells, and the refiftance of 
the air to their motion may be determined ; if allowance be 
made for the modifications that muft enfue. 

178. In afcertaining the initial velocity of (hot projedted 
from fire-arms of c)'Iindric bore in the third method (159) ; 
i^ muft be remarked, that fo foon that the ft^.ot begins to 
move, it continually acquires frefti velocity as it advances 
from E to G (Fig 13', and lofing a part of the preflure of 
the fluid is only impelled by the excefs of the velocity of the 
fluid over its own velocity : this diminifties as the ftiot ap- 
proaches the muzzle ; the at^Ion of prefture againft the tliot 
would be totally loft if the gun wcro very long, but it would 
continue againft the fides of the gun. Whence it refults, 
that the ordinates H Y, G Z of the fcale X Y Z of the pref- 
fures of the fluid againft the ftiot, which commences at the 
fame point X as the fcale X N O of the prefttires againft the 
fides of the gun, are ftiorter than the correfponding ones 
H N| G O, and their differences N Y, O Z become greater 
as the fliot approaches G. Thus, when the feveral points of 
the cylinder are proportioned to the different preflures of the 
cham^ there are always two fcales; one, exprefling the 
preflure of the fluid againft the fides of the gun in each of the 
phyfical points of its length ; the other exprefiSng the pref- 
fuics againft the ftiot in the fame points. When the firft of 
ibefe fcales is continually converging towards the mouth of 
the piece, its figure is determined by the length of the gun ; 

F 4 and 
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and it may be confidered as the limit of the grestteft vdocitf 
of the (hot. 

179. In fire-arms of all calibres fired with large cbai^ 
and wadded, fo that only the neceifary interflices forthf 
propagation of fire remain between the grains^ the thicknefs 
of metal mud be increaftd gradually from the muzzle to the 
breech, that the gun may be enabled in every point to refift 
the actual preiTure of the elaftic fluid : wherefore the fcak of 
preiTures ngainft the fides converges toward the mouth of the 
gun, and the greateft ordinate of the fcale is very near th# 
place occupied by the (hot. Then, 

Fig. XV. In order to find the equation of thefcab 
of prefTures, draw the right line K I parallel to the di- 
rectrix £ G, confidered as the axis to which the opdi« 
nates are perpendicular : let the preffure K £ zap and 
the abfcifTa £ L = K 1 = at. As the ordinate I H of the 
fegment KH^ appertains to the abfcifla K I, I fl may 
be exprefTed by nx, and multiplying nxhy the abfcifla, 
=zx and by m denoting the fradion that fquares the fur-r 
face K I H the product nmx'^ will exprefs the furface 
K I H: now the rcdangle E K 1 L=:^jr, therefore tlie 
fuperficies E K H L=^ x— ;/ m x^ \ and call the velocity 
'^ LB that anfwers to this fuperficies V, then V = 

\/ px -~ mnx'^ . 

180. Since mufquet barrels were firft made in Piedmont, 
none have been received at the Arfenal before they had been 
proved in the prefencc of fome officers of artillery. More 
than a hundred thou fa nd barrels have been proved in the 
following manner: they are charged with 17 drachms of 
Common cannon powder ; over which is put a very high 
wad of hard tow, that is with difficulty prefled into the bar- 
rel, and is afterwards rammed down with all the force that 
the armourer can exert: a leaden bullet weighing i8f 
drachms is then put in and wadded as before. The barrels 
thus loaded, are placed hcrizontally with the breech againft a 
flrong beam of wood, and each of them is fired twice. At 
every proof fome of the barrels have burd, and the crack is 
fometimes at the breech, at other times at the middle of the 
bore, or near the muzzle : but as it is not found to have hap- 
pened more frequently in one part than another, the officers and 
manufacturers have deemed it unneceilary to make any alte- 
ration in the thickneflTes of metal ; fo that they may be rea- 
fonably regarded as proportionate to the prcfTurcs of the elaflic 

fluid 
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BfoU generated during the prdof, allowing for the proportion 
that ercapes by the vent, and the windage. Thus the ftiape 
of. a gun being known, the limits of thye greateft velocity of 
the ball in each point of the length of the bore may be found 

18 1* The thicknefs of metal in each point of the length 
of the cylinder is determined by a (Fig. 21) right line F D, 
drawn from the breech to the muzzle obliquely to the axis ; 
thus the lengths BE, BH, and the correfpondmg thicknefles 
£ F, H L of a gun A C B D being known, the inclination 
of the right line M O N which is the fcale of the preiTures 
of the fluid againft the (ides of the gun may be determined, 
die ordinates £ M, H O, B N, being in the ratio of the cor- 
f^onding thickne&s £ F, H L, B D. If the right lines 
£ B, F D be produced, they will meet at the point R, where 
the line M O N will always terminate, even when F L D 
and M O N are curves. Thus E R=:^ will be known and 

coniidering ^=£ M, the value of n will be-j-: then fo= 
^z=.ux and m^\ fince M f O Is a triangle. Hence nmx^ 

=^ and confequently V — ^ px^nmx^^s/^ p x-^—r 

which is an equation to the ellipfis to be conftruded in the 
manner already pointed out ( 1 72). 

Take p= 2^, then V = \/ 2 ^a*— jf* is an equation to a 
circle whofe radius = h \ from the point R taken as centre 
with a radius R£ = ^ defcribe the arch £GK, then the 
ordinates HG, BK, willexprefs the relative velocities which 
the bullet would have at the points H, B, if the line M O N 
were the fcale of preflures of the fluid . It (hould be remarked ; 

1. That on diminifliing the charge of powder in thcfe 
barrels without weakening the refiilance of the (hot and 
wads, theprefllire of the fluid at the point £ will remain 
the fame, but it will be weaker at the points H and 
B, (152); the velocity therefore of the bullet at the 
fame points will be lefs. 

2. That on diminifhing both the charge and the re- 
(iflance, either by ufing fmaller'wads or by ramming 
them down with lefs force, the preflure of the fluid 
ivill be lefs at the point £, as well as at H and B. 

3. That 
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3. That on altering the refiftance, the ratio of the 
prcflures will vary alfo. Thcfe confequences are dedu- 
cible from the preceding theory, and arc confirmed by 
experience. __^ 

182. By the theorem V = \/2^Ar— ;if* it maybeafcer« 
tained with tolerable accuracy, how much the length of 
the gun affeds the range. Take, for example, the gun 
A DP, (Fig. ai) in which the thickneflfes from E to the 
muzzle, proportionate to the largeft charges ; are determined 
by a right line. To find the difference between the veloci- 
ties of the fliot ; or in other words, the length of the ranges, 
by firing a fhorter gun as AH, or a longer one as A Q. ^^^^ 
the fame charge as A D P, the right lines £ B, F D muft be 
produced till they meet in the point R, and from R taken as 
centre with the radius R £, defcribe an arch £ G K : draw 
to AR the normals HG, BK, QT, which will exprefs the 
ratios of the length of the ranges, correfponding to the lengths 
of the gun. It was obferved that this theorem would only 
give an approximation ; in fafl the line M O N being the 
fcale of preffures againft the fides of the gun; M Y Z wliich 
is the fcale of preffures againft the fliot, fooner falls on E R, 
which it cuts in the point S. Thus the true fcale of veloci- 
ties is E I V X in which the difference between the velocities 
at the points H, B, Q^ is lefs than in the other fcale E G K. 
But whatever be the nature of the line M YZ, it muil necef- 
farily when produced cut the right line R E in fome point 
S ; for as the fluid expands in a fpace which is continually 
enlarging, and partly efcapes by the vent and windage, its 
velocity will be at length fo much diminifhed, that it will no 
longer impel the fliot. The point S is always the centre of 
a re-entering curve line £ I V X, of which S E is the femi- 
axis, and E M the parameter ; and by it may in all cafes be de- 
termined the greatelt length that ought to be given to cylindric 
fire-arms, fmce beyond this point the (hot receives no in- 
creafe of velocity. From thefe premifes may be likewife in- 
ferred, that in the fame gun the point S will be more or Icfs 
diflant from A, in proportion to the quantity and quality of 
the powder, and to the windage and denfity of the (hot. 

B P 

l8t. Since the radius = r and the thicknefs of me- 

^ 2 

tal EF = « are known, and its tenacity may be deter- 
mined 
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ined by experiment, the elailidty=ii of the fluid may be 
ond by the means of the tfieorem 9962 nrzimq ; and by 

bftituting in the theorem V = \/ the values 

IT, r, /, = E 6, A = the height of a barometer made of the 
me metal as the (hot, and p the ratio between the trapezium 
M N B and the redangle £ M x £ B, the value of the 
itial velocity =V of the (hot will be likewife found. 

Fio. 21. For example, fuppofe D AP to be a wall- 
piece, whofe thicknefles of metal are in equilibrio with a 
fiven charge; let the diameter DP = 2r=:2 inches, 
I V the greateA thicknefs of metal in the place where 
the fhot is lodged =>»= 2 inches, and the tenacity of 
metal ^4723200=^; by fubftitudng thefe data in the 

theorem 996.2 nr^^mq^ ^9962 x — =r ^ 4723200: the 

grcateft elafticity of the fluid = « is therefore nearly equal 

to 8co times the mean preflure of the atmofphere. 

To find the initial velocity of a leaden bullet fired from 

is wall-piece let E B=:/--3| feet, and^— ^; A will be 

out 3 feet; then fubftituting thefe values in the theorem V= 

/ S6.S4»//A /6.54x8oox»X3fx3 
^ y ^^ ^ itwillgivcV=v/ r-^-, 

1800 for the initial velocity of the leaden t>u]let. 

Bat if an iron (hot be fired from it, A wiU be equal to 4$ 
tt) and the initial velocity will be 

796.54 X 800 X - X 4f X 3 
V = \/ : 2 = 4043« 
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CHAP. V. 

Of Experiments for Ascertaining the Resist- 
ance OF the Air to Bodies projected from 
Fire-arms. 

184. . X HE initial velocities of (hot projecfled on a hori- 
flsontal plane from guns, equal in length, but difTering in calibre, 
fired with charges proportioned to tiie weight of the (hot, 
with powder of the fame quality and wads equally well ram* 
med, are greater in proportion, as the calibre of the piece is 
lefs. Bur if the fame gun be fired on an inclined plane, the 
difference between the ranges will diminidi in proportion to 
the inclination and extent of the plane, till at ]en:^th the guns 
of large will range farther than thofe of fmaller ca!ibre« 

185. From the longer range of guns of fmall calibre, it 
may be inferred that the ratio of the fum of the preiTures to 
the diameter of their (hot, is greater than in guns of larger 
calibre. When the refiftancc to the explofion conllfts only 
of the weight of the (hot and wads, the prelTures muft be 
proportionate to the diameter of the (hot, and of courfe, 
greater in guns of large calibre ; but in t!ie prcfcnt cnfe, i:\c 
re(i(^ance arifes principally from the fridlion which muft ne- 
ceflarily be greater in the fmaller guns, fince they are both 
equally rammed : from the fame caufe alfo the powder being 
more compad in the fmall guns, the exp]o(ion takes place 
more inftantaneoufly, wherefore the ratio of the fum of the 
pre(rures to the diameter of the (hot muft be greater : the 
(hot likewife in pa(ring through a greater length of bore in 
the guns of fmall calibre, will be impelled by the fluid for a 
longer fpace of time, whence its velocity muft be increafed. 

186. The fecond effed (184) proceeds folely from the 
rcfiftance of the air to the motion of the projedlile : this re- 
fiftancc is very confiderable when projediles move with great 
velocity, and is the greater as the diameter of the fliot is lefs. 

The following is a refult of experiments made in June 
1764, on the Banks of the Po, and a comparifon between 
the aftual and potential ranges. The charges were fuch 
as would give the velocities marked in the table, and 

the 
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gans were laid with every neceflary precaution. The 
lorn of feveral rounds was taken, and the diredion was 
I that part of the Po» which runs almoft in a right line 
I the mills of Rocca^Franca to the Chaptlofthe Crucifix^ 



omparifon between the a£hial ranges of fhot meafured in 
2 1764., along the Banks of the Po, and thofe which a 
1 initial velocity would produce, if there were no refiftancc 
e air to the motion of the (hot. 



Ranges. 



Carabines bullets weighing 
of an ounce. 



let, weight of bullet 1 oz« 

Balls weighing 3 
oz. 



3iecef. 



Balls weighing 3 f 
Joz, \ 

Balls weighing 3 C 
oz. but equal 1 
in diameter to | 
3|oz. balls. (. 



Initial 
Velo. 

Feet. 
1956 



»73« 



1855 



1770 



•068 



Eleva. 


Experi- 


tion. 


mented. 




Yda. 


'«! . 


90t 


a4» to* 


93« 


45» 


895 


i\ -s- 


94« 


•5» 


»305 


240 «o" 


^335 


«5* 


tiSi 


'«! . 


^\^ 


t4« so* 


>753 


45» 


1629 


i5« 


4«99 


>5< 


1630 







tiaU 

Yda. 
19903 

«985* 
39806 

«5^9i 

•353? 
3«3«« 

«7«9y 

«fi73« 
35794 



. £. During the five mornings that thefe experiments 
were carrying on, the barometer at the battery was 
ftationary at 29 inches, except towards the end of the 
third morning when it rofe a little. 

his comparifon (hews that the rifled carabine with an int- 
elociry of 1956 feet only ranged 895 yards, at the elc- 
n of 45°; while that from the theory of prcgeSiles 
ng in vacuo, it (hould have ranged 39806. Now as 
)nly difference between the range calculated from the 
1 velocity meafured near the mouth of the piece, and the 
1 range at the elevation of 45^, is in the fpace pafTed 
gh by the fliot \ it muft be owing to the mafs of air 
ced by it, and confequently to the refinance that the air 
Fes to its motion. 

187. The 
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187. The following experiment proves that the refifiHiot 
of the air to a prcjediie, is greater in pafTing over water 
tfun land. In June 1764, feveral rounds were fired from 
the mill of Rocca Franca over the Po, from a wall-piece 
carrying a 3^ oz. hullet, at the elevation of 15^, ynih a 
chaige that gave an initial velocity of 1770 feet ; the mean 
range taken with the greatdl accuracy was 1799 yards, the 
&me gun was afterwards fired in the fame manner along the 
road leading to Stupinigi^ and the mean range was 1863 
yards. 

1 88. From the preceding comparifon are deduced fome of 
die corollaries in the tlieory of the air's refillance (Philof. Inftit.) 

1. That the a^r's refiibnce is greater in (hot of fmaU 
than of la]»e diameter, provided the fpecific gravity be the 
fame. 

2. That in fhot of equal diameters the mofl denfe 
ranges the farthest. 

3. That when the gun and butt are in the fame planci 
the elevation tiut will give the longeft range witfi a given 
charge is lefs than 45°. 

4. That the lefs the diameter and denfity of the (hot, 
the more the elevation that gives the longeft range, it 
under 45 • 

5. That the longeft range to be obtained with the largeft 
charge, depends on the diredion of the gun, the initial 
vrfocity (rf the (hot, irs diameter and weight, the denfity 
of the air, and tlie equality or difference between the 
planes of the gun and butt. Hence, (102, 103, 104,) 
in meaftiring the ranges to afceriain the charges that will 
impel the (hot with the greate(t velocity, the refiilts are 
liable to fuch modifications, particularly when the firft 
graze of the fliot is at a diilance from the gun, that it 
requires a feries of experimenis,before any one point can 
be accurately determined. 

189. In this compariron l^ciwecn the aSual and potential 
ranges, it was fuppoftd tliat the charge that gives a certain 
initial velocity when the gun is laid horizontally, would give 
the fame at different decrees of elevation. To prove that this 
fuppofition is true with regard to fliot of fmalWiamcter, a 
mufquet (169) was directed againft a block of wood equally 
porous, placed at the dirtance of 5 feet, it v/as fired horizon- 
lally witli a charge that gave an initial velocity of 1736 feet : 
it was again loaded in the fame manner, and fired in a ver- 
tical 
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tfcal dire£^bn againft the fame block placed at an «qual dif- 
taoot, the ihot each time penetrated to the depth of ix 
inches. 

190. Since the initial velocity of (hot of fmall diameter, 
is the fame whatever be the elevation of the gun, it follows 
that the increafe of the eladic fluid produced when the piece 
is at the higheft elevation, is in the increafe of refinance arifing 
from the elevation, in the fame ratio as thefe two forces are, 
wben the piece is fired horizontally. 

191. Let A£ be a horizontal line making with the lines 
AF, AG, AH, AK the fame (Fig. 22) angles as the 
guns were fired under in the preceding experiments: fet off the 
lengths A B, AC, AD, A £ of the correfponding ranges, 
and ertSt the perpendiculars B F, C K, D G, £ H ; the lines 
AF, AG, A H, A K, will exprefs the fpaces that the (hot 
pafled through by the impulfion of the elaftic fluid, and the 
perpendiculars B F, C K, D G, E H the fpaces pafled through 
by,the power of gravity. Thus it will be eafy to lay down the 
curve that the (hot defcribed in its flight, either geometrically 
or by Dulac*s inflrument. 

19a. A line drawn through the points A, F, G, H, K, 
will be a curved line of projections, and will (hew the point 
where the (hot will (Irike the horizontal line A £ when the 
elevation is lefs than 45^ : on the contrary, if the point of 
the line A £ which it ought to (^rike be given, the proper 
d^ee of elevation may be found without tracing the curve 
defcribed by the (hot in its flight. If the guns in June, 
1764 had been elevated above 45^, in order to ktiow the 
correfponding length A N of the ranges, the curve A F G H 
K M L of projections would have been complete. 

193. lliis method of finding the curve defcribed by pro« 
jefiito, may be ufed when the initial velocity remains the 
£une, though the elevation be altered ; but when botli the 
velocities and elevations are difFjprent, the following me- 
thod may be adopted. (Fig. 23) Chufe a piece of ground 
OD -which the guns may be placed at the different heights 
A, C, D ; fire fome rounds f(om A, charging and laying 
the (riece always in the fame manner ; which in the prefent 
cafe will be fuppofed to be horizontally, and mark at each 
dilcbarge the firft graze of the (hot : then fire from C, D, £ 
with exactly the fame direction, elevation, and charge, and 
CDSik the firft grazes L, B, Q. £re£t the perpendiculars 
I H, L K, B M, QJ which will be the abfciflas of the curve 

defcribed 
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dcfcribcd by the (hot, and the horizontal lines A H, C K, 
D M, E F will be correfponding ordinaies ; then from the 
value of thefe lines the nature of the curve may be deduced, 
or traced mechanically ; and will be moft applicable to thofe 
derations where the initial velocity remains nearly the fame. 
If the ground at the points 1, L, B^ Q^be fuch that the (hot 
can penetrate in the fame dire£tion with which it impinges, 
the holes being the tangents of the curves, the fub-tangents 
and fub-normals that correfpond witli thefe points may be 
likewife known. Thus an equation to the curve may be 
found by the inverfe method of tangents. 

194. The curve thus found may be refolvcd into the iimple 
movements of which it is compounded, by knowing the 
time that the (hot is pa(fing from the mouth of the piece 
placed fuocedively in A, C, D, E, to the points I, B, L, Q^, 
where it touches the ground ; for this purpofe, a common 
pendulum or watch that marks very fmall divifions of time 
as 4 or y of a fecond will anfwer. Place it near the men 
who are Rationed to obferve the fird grazes, and let them be- 
gin to reckon t!ie inftant tliey perceive the fla(h of the gun. 
Suppofe that the (Fig. 24.) time of the (hots flight from 
A to I =: a from C to L 3 ^, from D to B zzd^ and from E 
to Qj^/y mark on the line A E, the times A B z: ^7, A C r A, 
A D - rf, A E r/, and make the ordinates B H, C I, D K, 
E L, equal to the fpaccs that the (hot acSed on by the im- 
pelling power has paflld through in the correfponding times 
(193); AHIKL will then be the fcale of fpaccs palled 
through in thefe times, from which may be deduced the 
fcale of initial velocities; and again from this laft, the fcale of 
momentaneous refinances of the air to the motion of the 
fhot. 

Fig. XXV. Mark in the fame manner on the 
directrix M V, the times MR =^, MT= ^ MS n^, 
M V zzf and ere6l the ordmates R r, T /, S j, V j/, 
each equal to the fpaces that the (hot has pafled through 
by the power of gravity ( 193.); Mr t s u will then be 
the fcale of vdccitics, and give the fcale of momen- 
taneous refinances oppofed by the air to the movement 
of gravitation. 
195. It the law of the air's refiftancc only be required, 
one of the following methods may be ufed, and will give 
refults more accurate than any of the former ones ( 1 86, 193, 
194.}: the firft confifls in finding the fcale of fpaces that the 

Ihot 
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jt uAed on by the impelling power has ps^^ through ia 
rrefponding times. The fccond is to luid by means of 
is movement of impulfion, the fcale of retarded velocities 
correfponding fpaces. l*o find the firft icsik^ fire fome 
'ig. 26. ) rounds from the point S, in the direction S r 
th equal charges, againft a butt placed at the (everal dif- 
Kes S 9, S /, ^ntf Sn» Now as two points on the 
rface of this butt will be always known, vi^^ th^ point 
lere the line of direction S r fills, and that which the (hot 
ikes, the fpaccs a a^ I by mc, nd^ pafled through by tba 
ivitating principle, and the correfponding fpaces x^, sl^ 
9^ SH pa(r<d through in the fame time by the movement 
unpulfion will be known, and the curve S abed defcribed 

the projcdile will be found. If the butt be placed at 
:h a diftance that the longef^ line^isf of defcent does not 
ceed 150 feet J the refiftance of the air to the movemenf; 

gravitation will be inconfiderable, and the theoreoi 

z— will fervc to determine the timen/, that the (hot 

2 

pafTing through the fpaces oa^ I by mcy nd in its movement 
graviry ; and alfo through the fpaces S «, S /, S My S 9 in 
movement of impulfion. 

Fig. XXIV, Draw the dire£lrix AE, making A B 

nv^C^ oa, AC = v/— 1-/^, ADiz%/IEl 
32. 18 32.18 34.18 




mcy A E = V n dy and crc<a at the points B, C, 

32.18 

D, E, the perpendiculars BH = Stf, CI = S/, DK = 
Sm, £ L = Sx2 ; then a line pafling through the points 
A, H, I, K, L, will be the fcale of fpaces paiTed through 
by the (hot in correfponding times, in its retarded move- 
ment of impuKion. From this deduce the fcale of cor- 
refponding velocities M N O P Q^, and that of the mo» 
mentaneous refinance of the air to the motion of the 
(hot; thus the retarding force of the air will be known, 
196. It has hitherto been fuppofed that the (hot is pro- 
9tti in the dire£lion of the axis, but this does not always 
ippen. To remedy this inconvenience ; fire the gun with 
char;ge that will produce a given initial velocity, place the 
m (Fig. 26.) at different diftances S«, S/, Sm, Sir, 

G taken 
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taken at pleafure, and meafure the velocity with which the 
fhot impinges on the butt, either by meafuring its penetra- 
tions (176)^ or by foine machine proper for the purpofe. On 
a line, fet off the abfciflas S «, S /, S i», S n, equal to the fpaces 
that the (hot has pafTed through by its movement of impulfion ; 
and let the correfponding ordinates equal the experimented 
velocities : then by making the longeft ordinate equal to the 
given initial velocity, and ere£ling it at the beginning of the 
abfciflas, we (hall have the fcale of velocities in correfponding 
ipaces with a retarded . movement of impulfion ; from this 
fcale may be deduced' that of the momentaneous refiftances 
of the air to the motion of the (hot; it is a matter of no con- 
fequence for thcfe experiments, whether the (hot be projeSed 
in the diredion of the axis or not. 

197. There are other methods of afcertaining the path 
defcribed by projediles, and the retarding force of the air ; 
but it is to be prefumed that the principles laid down in the 
courfe of this treatife will, from their pradical utility and 
eafy application, induce the ftudents to exercife themfelves in 
the theory of gunnery, whence they may derive from the ufc 
of fire-arms, particularly of mortars, advantages which can 
by no other means be obtained. 
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FIRE-ARMS. 



FIRST PART. 



Of the Resistance of Fire-arms to the Action 

OF Powder. 

The Metal of which any Fire -arm is made ought to have cer-* 

tain determined Phyfical polities,, combined in fo juft a 

manner with the Thicknefs of the Pifice^ that it may he able 

to refill the Explofion of the Powder^ without being unnecef* 

farily heavy and unweildy* 

X HE earlier Artillerists, convinced from experience 
of the juftnefs of this remark, fubftituted in the room of iron 
ordnance, guns and mortars cad of Bronze, a metal con^- 
pofed of tin and copper ; to which they fometimes added a 
proportion of brafs : hoping that this mixture would poflefs 
the feveral qualities in which the iron ordnance had proved 
defedive. 

2. Bronze was in ufe before the invention of gun-powder. 
It had long been known that a mixture of tin with copper 
was lefs tenacious and malleable, but harder than pure copper; 
and that it even became fhort and brittle, if the tin were in 
too great a quantity. Wherefore the two metals were pro- 

G 2 portionc4 
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portioned according to the different ufes fgr which the 
bronse Yf9s defigned : for casing flatues, machines, &c. 
which required nice workman(hip, the tin was generalhf 
between a 20'^ and 50^^ of the copper, and to give this foR 
metal a fine colour, they added a proportion of brafs, be- 
tweeo a 3** and 5^** of the whole. For bell- metal, which 
(hould be very hard and entirely free fromi the fcparations of 
the particles of metal found in bronze containing too littleym, 
no brafs was ufed, and the tin was in the ratio of 22 to 27 
in the 100 of copper. 

3. Peter Saroi, an Italian^ who fully knew the pro- 
perties of fimple and compound metals, publifhed in the lie- 
ginning of lad century, fome obfervations on the damage 
that cannon fuftain from the explofion of powder : wherein 
he pointed out the nccefllty of having a metal that Jhouli h 
unifarmly hard^ firm and refijling^ not brittle Hie gla/s^ fifi 
like coppery nor liable to corrode like brafs ; but which JbouU 
be able to /land repeated firings without fuftaining the Uafi 
injury » Thefe ideas from their juilnefs aivd accuracy iooti 
fpread from Italy, in that day the fchool of military fcience, 
throughout all Europe ; and the Pyrotechncia of VannucM 
Biringuccio had already paflcd through feveral editions : it 
was natural therefore to fuppofc that the quality of bronze 
moft proper for anillery would have been univerfally adopted, 
and a certain proportion of the component metals fixed on. 
On the contrary, the moft enlightened and warlike nations 
proceeded without any determined principles, and various 
compotitions were in ufe till the middle of this century ; as 
may be gathered from the numerous publications on the 
fubjefl. 

4. This variety of opinions gave rife to two parties : the 
Italians J dcfirous of having a gun- metal hjrd and free from 
cavities, mixed the tin and copper in the ratio of 12 to 20 in 
the 100 ; and by applying; a or,uchy repaired the guns when 
the vents had run. Ihc oppjjite partjy confidcrinj; tenacity 
as the moft eflential quality, mixed the tin with the copper 
in the proportion of 4 to 8 in the 100 ; and maintained that 
this compofitioi was the beft, as the vents were not fo foon 
afFeclcd by the fire; an4 attributed the alteration in the bores 
of the guns, whence they were foon rendered unfcrviceable, 
to any other than the true caufc, wliich was the foftncfs of 
the metal. So long as powder was made of a weak quality, 
and the ouns were not over-heated by too quick a fucceflion 

of 
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of difcharges ; as formerly in the hotted fieges the firing ha* 
ving been kept up for fame time in the morning was difcon- 
tinued on both fides for three or four lK)urs ; this quedion 
remained undecided : but finc^ the powder has been made 
ihronger, and the firing has continued inceflantly from morn- 
ing till nigin, fo many accidents have happened owing to the 
foitnefs of the metal, that there has been an abiblute neceffity 
for inaeafing the quantity of tin. 

5. On furveying, after the peace of 17 13, the artillery in 
the feveral fortreiles in Piedmont ; it was found that the 
vicifiitudes of the preceding war had introduced guns of all 
natures, cad by founders of different nations. In the wars 
of 173-^ and 1742, fomeof thefe pieces continued perfedly 
good artcr looo rounds j while others became unferviceable 
after 50c, or even fcAer difcharges : as the (hot in ftriking 
againft the fides had ccnfiderably altered the figure of tlie bore. 
Many experiments have been made in this capital fince the 
peace of I749j both by the officers of the royal corps of 
artiller)', and by individuals appointed for the invefiigation of 
particular points, to afcertain tlie caufe of this great diverfity 
of efl^efts. This trcatife being only an application of the 
principles of natural philofophy to artillery, it will be heft to 
purfuc the method adopted in the preceding works, and refer 
to the maxi'.ns already eflabliflied j that the anillerift may 
take in at one point of view their rife, connection and deduc- 
tion, and be thereby enabled with the greater readinefs to 
apply them to practice. 

6.' Before we attetnpt to afcertain the heft conftrudion for 
fire-arms, it will be proper to confider in what their perfe£lion 
confifis ; that from a clear difcrimination of the neceflity and 
importance of each particular point, we may avoid the error 
into which many have fallen, of paying attention to fome cir- 
cumflances while they neglei^d others equally eflential; thus 
lofmg the advatitages refulting from a combination of the feveral 
parts of the fubjedt : hence their labours have only tended ufe- 
Icflly to mnhiply thtS fpecies of ordnance, which has been 
alreadv obferved by fome excellent writers ; who from the 
badnefs of the inventions have inferred the want of talents 
in the inventors. 

7. There are two principal conditions which conftitute the 
pcrfeftion of every fire-arm : the firft requires that it he fo 
CQnJlrufied that the men 11 ho work it may run no rijk of being 

G 3 hurt 
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huH by it : the fccond, that it be manageable and adequate t9 
every furpofe for which it is intended. 

8. To be pofleffed of the firft condition (7) ; the quality 
6f th^ metal, of which any gun is made, (houid be in fucha 
juft combination with its thickneflcs ; that if by any extraor- 
dinary accident it burft, it may not be (hivercd into pieces. 
This property is obtained by mixing the metals in a due 
proportion. 

2. The bore of the gun fliould be free from cavitiesi 
particulatly in the charging cylinder ; and of fuch a 
figure, that with the fpunge the gunner may be able to 
cxtinguifli any fire that hangs in the piece, in order to 
avoid the dreadful accidents that fometimes happen in 
reloading. 

3. Guns intended for works or batteries ftiould be 
cFfuch a length that the explofion may not damage the 
embrazures, and that there be no neceflity for making 
the innef part of them too wide ; which greatly expofes 
the artillery men to the fire of the enemy's mufquetry, 
to the evident detriment and delay of the fervice. 

9. The fecond condition (7) requires ; 

1. That the metal be of lo tenacious quality that the 
gun may with a mocicrate thicknefs tor a long time refift 
the force that tenciv lo bunl it : ns ^^^uns of larp^c calibre 
may on this princi,)Ie be mnde liehtcr, and be confe* 
quently mnre eafily \vorkcd and brought into action. 
The metal fhould likcwilc be ot fo haid a nature, that 
the bore of the piece may I'uibin without alteration a 
long continued firing. 

2. That in diminifhing the wci2:ht of metal, fuch 
regard be paid to the fi;;urc of the trun, and the pofition 
of the trunnions, that no irrc;i;ularity of movement can 
take place at the difcharge, fuificicnt to damage the bore 
of the gun, or al;er the direction of the fliot. 

3. That all the parts and ornaments be fo propor- 
tioned and fituated as to be of fervice in laying the gun 
and firing with precifion. 

After thefe preliminary obfervations, let us proceed to ex- 
amine feparately the feveral caufes that conduce to the per- 
fection of fire arms, 

* 

C H A P. 
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C H A P. I. 

Of the Metals of which Fire-arms are made. 

10. X H E fimple metals ufed in cafting cannon, are 
irofty copper and tin-, brafs^ which is a compofition, is fome- 
times added. As the proprietors of mines find it too expen*- 
five to perform all the operations ncceflary for the thorough 
purification of the metals, the iron and copper ufually met 
with in commerce, are not fufficiently refined for the pur- 
pofe of the founder. The fubfequent remarks on the method 
of ufing thefe metals will alfo point out when they are pro- 
perly purified. 

1 1 . Iron ore is generally found in the fbrhfi of an indurated 
earth, and is fiu]ced in coniadl with charcoal, with a very 
llrong heat kept up by means of large bellows : during this ope- 
ration the greater part of the volatile particles contained in 
the ore, as fulphur and arfcnic, exhale in form of fmoke, and 
the phlogifton uniting iifclf intimately with the ferruginous 
particles, tlie iron appears in fufion at the bottom of the fur- 
nace ; wiicnce it is run into a trough prepared with fand of a 
deuii-cylindrical form, and is by the workmen termed a pig* 
This is called iron of the firrt fmelting, and is always un- 
malleable. 

12. This iron is again fmelted by a fimilar procefs", and is 
then called iron of the fecond fmclting, which though purer 
than the tiril, is ftill unmalleablc. In proportion as the 
ore is more purified and has been oftner fmelted, it fufes 
with more difficulty; and the fufion does not at len8;tlv'corn- 
mence till the heat be very intenfe, 

1 3. The iron procured from foreign countries, as an arti- 
cle of commerce is generally diftinguifhcd into two forts. 
The one does not yield to the hammer when cold ; but when 
red hot, it eafily breaks into pieces, which is owin^ to the 
quantity of heterogeneous fubftances it contains, principally 
arfenic and fulphur ; the other kind is malleable when red- 
hot ; a certain (ign that it is well purified and of a good anid 
tenacious quahty. 

14. For iron guns, the ore of the mod tenacious quality 
is the bed. Englilh ore is in the highefi eflimation ^ it has 

G 4 afuf- 
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a faflicient degree of hardnefs, fince in firing with (hot, the 
bore of the gun \s never injured; but as it is not fufHcientJy 
tenacious to refift the force of powder in very long ficges, it 
becomes neceflary to fupply this defccl by adding to the 
ftrength, «nd confequently to the weii^ht of the i;uns, to 
prevent their burning: wherefore 32 poui dcrs with proper 
reinforces are too heavy, and are only ufed on board of fhips 
of war, 24. pounders ocing tlic largcrt piece of iron ordnance 
that is ufcd in bnd fervice. 

15- The iron of the fecond fmehmj is heated and welded 
Hvilh a forge hammer to incrcafc its inaileabihty and tenacity: 
this operation is frequenrly repealed to fcparate the earthy 
heterogenous panicles. When thus worked, it obtains the 
name of forged iron, and is lefs? hard but much more tena- 
ciou* than before. It is efteemed of the beft quality when 
itiaKeable, both hot and cold, and when it yields to the .file; 
but when it breaks md fplirs under the hammer, it is not fo 
f/a^. A very violent and long continued heat is neoeffiry 
to fafe fbrgcd iron ; and from its foftnefs, it is only ufed in 
the conftru<ftion- of fire-arms of fmall calibre, from which 
leaden bullets ai-e projef^ed, as wa]l>picccs, mufquets, piMt, 
&c. iince from its great tenacity the barrels may be made very 
thin. 

J 6. Copper is gcncrallv found mixed with other metallic 
and volatile fublhnces; according to the nature and propor- 
tion of which the operation of piirifyinc mud be varied. It 
fomctimes hnppcns that a vein of a copper mine will furnifli 
for a confit^crable time, an ore eafily refined ; but at length 
Its quality alters, which induces a neceflity of multiplying 
and even diverfifying the procclTes of refining. In all cafes 
it is lirft fluxed ; whence a rc^ulus or mixed metal, called 
black copper is obtained ; which is unmalleable and of different 
qualities accordin'j: to ttie nature and proportion of the hete- 
rogeneous fubftances. 

17. To purify black copper, the chymifts ufe the cttpeJ 
almoft the fame manner as the refiners of <roM and filvcr: 
but the common method is to roaft and afterwards fmelt it j 
that during the roafting, the volatile parricles may be fub- 
limed; and that when in fufion the oihcr heterogeneous fub- 
ilances may be converted into fcorine : the metal obtained 
from this procefs is called copper, and is jrcnerally run into 
thin cakes, which arc very full of cavities and fpungv. 

the 
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The copper met with in commerce is generally defigned of 
three qualities, viz. puriy common^ and impure^ as in fomc 
mines the metal will not defray the expence of purifying it. 
For fomc years paft the merchams have imported copper 
from Germany, Savoy, and Japan, which is very well 
purified : that procured from Aost and Sweden is harder 
and lefs malleable ; but the copper brought from Mexico 
is of a very inferior quality, being crude and totally unfit for 
wire- drawing. 

18. Pure copper is red, tenacious, dudile and malleable; 
it is drawn into very fmall wire, as the Arings of mufical 
inftruments; and beat into very thin veflels without breaking 
or fplitting : this is a certain method of proving its purity. 
This copper requires a very Arong and long continued heat 
to melt it. If it be fufed without being in conta6fc with any 
phlogidic body, and the Bre be ftronger than is necef&ry to 
keep it in fufion, fmall particles will be feen fucceffively tb 
calcine ;' and if the fame force of fire be continued, thcfe 
calcinations will appear in the form of fcoriac floating on 
the furface of the melted metal. If the fcoriar be fcummed 
off, pounded and mixed with a quantity of charcoal^ thcv. 
wit! when expofed in the furnace to a ftrong bhft reviTify 
and rcfume the metallic form. (Philof. Inftir. 91, 116.) 

The flame that breaks out at the fufion of ptu>e copper 
with charcoal, is of a fine green colour ; when diflbived fay 
oil of vitriol, it exhibits a blue flame. 

19. Common copper is that in which the heterogeneous 
fubflances are in fmali quantity, and do not much affed its 
tenacity and 'du£(ility ; fo that though it cannot be drawn 
into very fine wire, kitchen utenfils are made of it. 

The copper of the tlurd kind is- of an inferior quality ; 
lefs tenacious and duftile: if brittle under the hammer, 
or when offered to the wire- drawer, it is a proof that 
it contains many ferruginous or arfenical particles. If 
there be much arfenic, the copper fufes eaiily ; and if there 
be anyantifnony it accelerates the fufion : but then the flame 
inftead of being of a greenifh is cf a whitifh cafl, and is loaded 
with fmoke. if the flame at the folution of copper by oil of 
vitriol be yellow, it is a fign that the ore contains' iron ; and 
if the colour become green, the iron is in great quantity. 
Impure copper ought never to be admitted into founderies 
for caruion, as the bronze made of it is (hort and brittle. 

20. Tin 
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'Jio. Tin is the lightcft of metals ; yet its ore is very pon- 
derous whci mixed with arfenic : it is therefore cafilv fepa- 
rablc from other heterogeneous fubftances that are Ii2;hter, 
either by piclcing or wailiitig, after it has been pounded in a 
mortar : the ore is then roailed to clear it of the arfenic, and 
afterwards fmelted in contad with fubftances abounding 
with phlogiAon; in order to prevent the great calcination to 
iwhich tin in fufion is liable. 

21. Tin well purified is not very dudile or tenacious; and 
a creaking noife on bending it different ways is heard. A 
very moderate degree of heat fufes it long before it becomes 
red) and the mote it is expofed to the air the fooner it cal- 
cines: on combining the calx with a phlogifton, and ex- 
poHng il to a proper degree of lire, it readily refumes the 
metallic form. Purified tin is mifcible witli other melted 
xnetals, and diminifhes their dudility and tenacity, except- 
ing lead. On the other hand, a mixture of 20 parts of tin 
and I of copper, is more folid than pare tin, and yet pre- 
ferves its dudlility ; of this kind is the fine Englifh tin. 

22. Zinc is a fcmi-metal found in Calamine^ Lapii Qr- 
laminaris^ and the fubflance called Cadmia Fornacum which 
attaches itfclf to the mouth of furnaces, in which metals 
containing zinc have been fmelfeci. This femi-metal eafily 
inflames, when cxp(>f:d to a fufHcient deu;rcc of heat, fub- 
limcs in the form 9! white iiovvers, called philojophic wod^ 
and is dilTipared. As zinc is found mixed with different 
minerals, the operation oi purifying it varies according to 
their fevcral qualiti:s. 

2^. The combinalion of 2i/;/r \\i\.\\ copper is cnllcd brafs. 
When tlK fub'lr.nces are of a ^ood quality, the brafs is mal- 
leable when cold ; briitic, when very lujt: but if compofed 
of impure mnrcriaL>, iris brittle when cold: from tliis pro- 
perty its qUviliiy is eiuly afceiiaiiic !. J:Jrars is yellow and 
more fufible than cc'ppcr : if fufcd in a crucible with a flrong 
hc2t, the melred \n'cu\ will inflame and a iTcat many flowers 
or zinc be fcen to rife from its furfacci f^ ^hai if it be kept a 
long time in fufion, it will lof<j all its zhic^ and the refiduum 
will be (imp'y copper. 

24. If a quaniitv of copper be heated, and a proportion of 
tin thrown into tlie furnace, the two metals will fof^ncr he- 
come fiuid : if copper, or a mixture of it v>iil^ tin be already 
melted, an addition of tin will render the {"ulion thinner; 
tin is ti)en the menftruum of copper: bat tliis propeny viocs 

not 
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not fuffice to make a thorough and exafl mixture ofth^ two 
metals in large furnaces ; a motion infinitely greater than 
that which is fufficient to keep them in fufion muft be for 
this purpofe excited. If the metals be well mixed together 
and d^a^^n from the furnace fo as to be fuddenly condenfed; 
the particles will retain their intimate connedtion when per- 
fcdly folid : but if the quantity of melted matter be very 
great, and the receiver of fuch a form that it is fome time 
before it fets, on examining it when cold, the tin will 
be found to abound mod towards the bottom, particu- 
larly in long receivers, like the moulds of cannon. The 
calcinations (18, 21) which take place while the compofi-i 
tion is in fufion, are of different chara<5lers according to the 
quantity of melted metal, the expofure of its furface to the 
air, and the time that it remains in fufion : thefe changes 
are aImo(\ imperceptible in the more minute proceflles of the 
metallurgifts ; but when in large furnaces a great quantity of 
metal is fuffered to remain a long time in fufion, and the 
fire is increafed, it will be found that the metal produced 
from the revivified calcinations, contains the tin in a greater 
proportion, than when put into the furnace ; as is feen in 
the refined cakes, which the founders of artillery draw from 
what they call th operation of the handle. 

25. 1 he mixture of copper with tin is called hronze^ what- 
ever be the proportion between the component parts, provided 
that the excefs be on the fide of the copper. In proportion to 
the quantity of tin, the compofition (2) is harder and lefsfub- 
je£i to cavities ; it even lofes its tenacity and becomes crude 
and brittle, if the quantity of tin be too great; the addition of S| 
confiderable proportion of brafs renders it a little harder, and 
even more brittle when heated (23) though the brafs be of the 
heft quality. Since the ufe for which the bronze is defigned 
muft determine the proportion between the component parts, 
in order that it may have the phyfical properties rcquifiie for 
the intended work (2, 3), it follows that guns may be caft 
from bell-metal, and ftatues, &c. from gun-metal, on adding 
certain quantities of copper or tin. 

26. It will be fliewn in the following chapter that the 
metal forcalHng cannon, particularly battering cannon, muft 
(8, 9) indifpenfably be of a hard and tenacious nature. To 
this end it is necefifary ; 

I That the metals be of a good quality and well 
purified. 

2. That 
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2. That their proportion be comprifed within eertiia 
limits. 

3. That thdr natural hardnefs and tenacity be in- 
crtafed by compreffion. 

27. Pure copper (18) is the beft for artillery ; as is the 
Englifh tin (21) on account of its fuperior quality. Tin in 
which there is any lead (hould be abfolutely rejected, fince 
this metal diminilhcs both the tenacity and hardnefs. That 
gun-metal may have all the requifite properties (26), the 
quantity of tin (hould be between a 6'*^ and an 8*** part 
of the copper, when the powder is as ftrong as that now 
in ufe: it would be injudicious to diminifh the proportion, 
as was done when the powder was weaker, ii the copper 
be very well purified, and confcquently very foft and ducLile, 
the quantity of tin ihouid be nearly 16 in the joo of copper j 
but not more than 12 in the 100, if the copper be cf an or- 
dinary quality ; i2lb. of tin mixt-d with loolb. of impure 
copper form a crude and brittle bronze, and (hould never 
be ufed. In order to incrcafc by compreilion the naoirat 
hardnefs and tenacity of the metals, the moulds of goos 
ftiould be fo made, that the fuperincumbent niafs, commonly 
called the headj be as long as poffible. 

28. Whenever bra is enters into the compofition of gun* 
metal, it (hould be in fmall quantities ; fince, as has tiecn 
already obferved, it tends to render it brittle, particularly 
when the gun is heated by frequent (iriog {23, 25) : bcfides, 
as it muft be put into large furnaces by rmaji quantities at a 
time, the zinc of the brafs firft introduced will be fublimed 
(22); which caufes an uncertainty with regard lothejuft 
proportion of the materials, llie advocates for the ufe ot 
brafs think that it affifls and preferves the perfetSl mixture 
between the copper and tin ; but this opinion is not fuffici- 
cntly warranted by experience. 

29- To the remarks already made on the hardnefs of 
fome particular metals (Inftit. rhyf. Mec. 66), let us add 
then'efult of experirmnts made on fever al comp'ojitions in 1759 
by iVl A J OR RuNZiNi, direnor cf the royal laboratory of 
metallurgy. In thcfe experiments, fcvcral rods of metal 
were expofed to the force of a piece of iron weighing 8ylb. 
which falling from the height of ly foot, on the head of a ftecl 
punch with a conical point drove it into the rod of metal, upon 
which it rcfted; the eifeds are therefore expreflTcd by the fize 
of the holes made by the punch, which from the fimilarity 

of 
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of the figures, are in the triplicate ratio of the penetrations^ 
marked in the firft column ; and the relative hardnefs of the 
rods are exprefled in the inverfe ratio of thefe holes; for 
example, the hardnefs of the bronze A is to the hardnefs. of 
die bronze F as 173 to 51. 

Refult of experiments made in 1759 !^ compare the rela- 
tive hardnefs of the following metals: 

Effeds exprefll- 
ed by the 
relative fizes 
of the holes 
made by the 
punch. 

SecoMj Coktwm* 

12X6 

450 
301 

246 



Tiie relative Penetrations of the punch 

into the Rods. 

Pirjt ColMmn. 

Fine tin of England — 

Pure copper of Germany •^ 

Small pieces of copper coin 
Brafs of Germany, malleable when cold 54 

A mixture of 100 parts of copper, 12 1 

of tin, and 2 of zinc, the zinc be- > 4.2 

ing prcvioufly mixed with the tin J 

A mixture of 100 parts of brafs and } 

12 of tin. -— 3 35 



92 
66 

58 



1x6 



68 



Bronze formed of good Materials in the following Projportions* 

Copfcr, Tin. Brafs, '\Jt,Ctt. ut,OL 



DiiTereot Mixtures. < 



rk ] 


[GO 


25 





3i 


51 


B ] 


too 


20 


m 


35 


66 


C ] 


ICO 


16 




37 


78 


D ] 


too 


H 


u 


40 


lao 


E 1 


rco 


12 




42 


116 


F J 


ico 


8 


M 


48 


rjt 


G 1 


100 


^4 


100 


37 


'78 


H J 


[CO 


20 


5 


^ 


fit 


K ] 


100 


16 


28 


51 


L ] 


[00 


14 


8 


37 


M ] 


[00 


12 


6 


40 


100 


N 1 


100 


10 


11 


4* 


116 


P 1 


100 


1 


20 


44 


133 


Q. J 


too 


28 


47 


162 


R ] 


[00 


5 


20 


49 


184 


It j 


[00 


« 


2Q 


5a 


220 

u Vft 
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30. Wegather from thefe experiments; 

1. That tin is the principal ingredient towards ren- 
dering the bronze hard. 

2. That the holes made in the metals A, B^ C, D, 
£, F, compofed only of copper and tin are nearly in the 
reciprocal ratio of the quantities of tin. 

3. That by adding a quantity of brafs, the propor- 
tion of the ingredients may be diverfified, yet retain the 
fame hardnefs, as appears from G and L. 

4. That the metals C, D, whofe component parts 
are within the limits afTigned (27} may ferve as a rule 
10 judge whether tl\e other metals have the requifite 
hardnefs for artillery. For example, to compare the 
hardnefs of a bronze Z with that of C or D ; let the 
penetration of a punch falling on a piece of fine Englifli 
tin of a determined quality = I, then find the penetration 

» of the fame punch into the bron^&e propofed, and ez- 

-/ I 

prefs it by Z i -7^ will be the proportion between thcfc 

penetrations. But by the experiments in the preceding 
paragraph -2— is the proportion between the penetra- 
tions into the tin and the bronze D. If then-- =2«, 

Z 40 

the propofed bronze Z will be as hard as the given 

I q2 
bronze D ; If -77- -7 ■^- Z will be harder than D, and if 

iS 40 

I 02 

TT<—-^ D will be harder than Z. 
Z 40 

31, There are different methods of finding the proportion 
of tin in any bronze, but they give at beft but an approxi* 
mation. 

In the firft place, the compoCtion of a bronze maybe 
determined by findmg experimentally its hardnefs and 
tenacity, and comparing them with the hardnefs (29} 
and tenacity (Inftit. Phyf. Mic. 64.) of a bronze given 
as a rule ; if they correfpond in thefe two properties, 
they may be faid to be of the fame quality ; but if one 
be equally ten^^ious, but lefs.hard than the other, or 

equally 
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equally hard and lefs tenacious ; it will be a proof that 
the proportion or quality of the component metals is 
diflFcrent. 

In the fecond place, the compofition of bronze may 
be nearly afccrtaihcd by found and colour ; for if on 
ftriking it with a hammer, it be very fonorous, the tin 
abounds, and vice verfl. When the filings of bronze 
appear red, it contains but little tin ; when they appear 
fparkling and whitifh, the tin is in great quantity : a 
yellow colour denotes that there is a great proportion of 
brafs. If a piece of bronze be broken off with a ham- 
mer, and at the point of feparation hardly any particles of 
copper can be perceived, it is a fign that the proportion 
of tin is about i of the copper ; greater than ^ when 
the fc6Hon appears of a whitiih cafl > and lefs when many 
particles of copper are perceptible. 
' In the third place, fome idea may be formed of the 
proportion between the tin and copper, by knowing 
the quality of each, and afcertaining their fpecific gra- 
vities I but . this method is not accurate, on account of 
the Ipunginefs of the copper. 



CHAP. 11. 
Of the HaHdness and Tenacity or Gun-metal. 

32. A O prove more clearly the neccffity of having a 

hard and tenacious metal for calUng guns, and be enabled to 

affign certain limits to thefe two properties, fo that the pieces 

may be fufficiently Arong, without unneceflarily increafing 

their weight or incurring other inconveniences (8, 9), the 

forces that tend to deftroy the guns, and the manner in 

which thefe forces a£l, (hould be confidered. 

Fired powder tends to deftroy guns in three different ways. 

I. By the preflure of the eladic fluid againft the infide 

of the cylinder. 

1. By the effeSs produced by a wad^ or other fimilar 
fubftatice, when placed at a confiderable diflance from 
the powder, if the charge be fmall, or contiguous 
to it, if the charge be fuperabundantly large : for in 

cither 
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dther cafe, the elaftic fluid generated at the bottom of 
the cylinder. Is fo much accelerated in its motion before 
it reaches the refitting body, t!iat it adis with, great 
force, and meeting witli obftrus5tion exerts again/l the 
fides of the gun, a power much greater tlian that pro- 
ceeding from the preffure alone. 

3. By the irregular motion of a (hot, which ftriking 
againA the iides, makes cavities and furrows, and alters 
the figure of the cylinder; which would render the gun 
liable to burft, if the metal were not much thicker than 
necefiary to refift the prefTure of the claftic fluid* 
33. To know how far tenacity combined with the thick- 
ness of metal can refill the force of powder (32 No. I9 pi. i. 
Fig. I.) Let the figure reprefent a fedion of the chamng 
cylinder at r^ht angles to the axis of the piece, and A c=r 
the radius of the bore B F G D, and B C = m the thicknefs of 
nactal: fuppofei^= the diameter BD, the theorem 9962 nr=> 
flif is the expreflion of » cylinder, which burAs longitudinalty> 
acid m=2r; then fubftituting this value, atid corredingthe 
expreflion 498 m - ^ ; « (hews how often the fluid generated 
from powder is more elaflic than the natural air under a mean 
fiate of the atmofphere, and q exprefles in pounds the weight 
requifite to overcome tlie tenacity of the metal. Suppofe 
the elafticity of the fluid be at the highcft degree, viz. equal 
to that produced under a very dry ftate of tlie atmofphere, 
in a veflel that invariably prefcrves lis form, whence it can 
only efcape by the vent, n— 1900 (Treatifc on Powder 137): 
then 4^)81 X 1900 = 946-^^00 lbs. which is the tenacity re- 
prefentcd by ^ in a thicknefs of metal equal to the diameter of 
the bore and in equilibrio with the given prcfiurcs. The 
tenacity of bronze compofed of common copper and ^ of 
tin is 12909386 ; and ot bronze contain^ '- of tin 1 1881360 
(PLilof. Inftit. 64.) ; hence if cither be ufed for carting can- 
non in the proportions of heavy artillery, tlie tenacity will 
be greater than is requifite ; particularly as in praSice, the 
greater part of the fluid efcapes through the mouth of the 
gun, where it encounters no other refiftance than the fridion 
of the wads, and weight of the (liot, fo that the elafticity 
never amounts under the moft favourable circumftances to j 
of the grcateft elafticity 1900. Wherefore gun-me^al may 
be compofed of copper and ~ of t'ui, without any rifle of 
the gun's burfting. 

34. The 
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34, The officers of artillery. In order to afcer- 
tain whether guns caft of the mixture M (29) oppofed fuffi- 
cient refiftance to the grcateft preflure of the elaflic fluid, 
made choice of a 32 pr. called the Invincible^ in which 
the thicknefs of metal at the breech was equal to one diame- 
ter of the bore, and the thicknefs at the end of the firft rein- 

force equal to -~ of that diameter. In the month of May, 

1771, this gun was loaded with 16 lb. 6oz. of fine war 
powder, the wads were of twiftcd hay, rammed down by 
fix flrokes. firom two gunners j the reft of the cylinder was 
filled with cjay very clofely prefied, and a tompion ot wood 
wedged into thp muzzle : the gun thus loaded was placed in 
a ditch, prepared for the purpofe, and ftrong ftakes driven 
on each fide to prevent the lead motion -, a heavy beam was 
fixed behind the breech, and another before the muzzle, to 
force all the £uid to efcape by a hole made in the axis of a 
bouch fcrewed into the vent. Tlie charge being fet fire to^ 
all thejTubflances were forced through the moutii of the pieee^ 
and the beam placed there blown into the air. The gun 
was carefully examined, but not theleaft flaw difcovered, 
though every infirument and method were ufed for that pur-« 
pofe : it was afterward filled with water, and fuffered to re- 
main in that fiate for five hours, at fuch an elevation as to 
caufe a flrong compreflion, yet not a fmgle drop oozed 
through. 

35. It has been already obferved that metals lofe their te- 
nacity when heated, and compound metals more than fimple 
ones; wherefore the oftener the guns are fired the lefs tena- 
cious the metai becomes. This heat however is never fo great 
as to fire the powder in loading the piece; befide the artillery 
men either ceafe firing 01: cool the gun with a wet fpunge, 
when they are apprehenfive of its being too hot : wherefore 
we will confider this heat as the higheft term in comparing 
different tenacities. Bronze containg 4. of tin lofcs at mod 
a third of its tenacity, when heated fo as to fire powder ; or 
in other words, its tenacity is only equal to 7358758 ; and 
bronze containing y of tin and heated to the fame Hcgree 
lofes only a fourth of its tenacity, which is thus reduced to 
9682040: then, if in the theorem 4981 n-^, 1200 be 
fubftituted in ilie place of n\ (fincc (33J in the common 
firing «< J- X 1900,) 4981 X 1200 = 5977200 equal to the 

H prcfTure 
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preflure of the fluid: vvherefore the tenacity of thefe metals 
lieated fo as fire ponder, is Ml greater than is neceflaiy, 
when the thicknefs of metal at the charging cyhnder is equal 
to a diameter of the bore. 

36. The following experiments made by the Officers 
OF Artillery, in the fpring 1770,* at the Practice 
Battery will prove the above propofitions. A 32 pr. 
called the Sarcophagus conftruded on the fame nrio^l- and 
of metal of the fame quality as the Invincible^ was fired 800 
times with (hot, the windage of which was agreeable to the 
pref^nt eftablifhment : the charge of 81b. 12 oz. of fine 
war powder v^s ufed ; two gunners gave five flrokes to this 
wad over the powder, and three to that over the (hot ; the 
gun on its carriage was placed upon a horizontal plat- 
form ; 100 rounds a day were fired at the rate of 12 in an 
hour, which is more frequent than in the bottefl firing at 
fieges, as on an average feldom more than 9 rounds can be 
fired. After the experiment, the piece was carefully ex- 
amined, but no flaw difcovered ; the part of the cylinckr 
from the muzzle to the wad over the powder wa^ per- 
fectly fmooth, and the gun having been each time poiined 
to the IfMtty the (hot were all thrown in a diredt line ; die 
infide indeed of the charging cylinder was become rough; 
but this could not affeft the fervice of the gun, and was attri- 
buted to the liquefadion or calcination of the particles of 
tin that lay on its furface. It has often happened that on 
healing the breech of a gun, to repair the vent wluch had 
been enlarged by firing, the exterior furface has become very 
rough, and when the tin has not been properly mixed with 
the copper, little cavities have been formed : the irregular 
enlargement of the vent further proves a want of due cxaft- 
nefs in mixing the metals. 

The Sarcophagus had a chamber at the bottom of the 
cylinder, the upper part of which was confiderably corroded 
by the powder that efcaped through the vent 5 this will be 
accounted for in the eigliih chapter. 

37. Having thus confidered the refiftancc of guns with rc- 
fpcci to their tenacity combined with the thickneffcs of metal, 
let us examine why hardnefs is likewife necciTary, and how far 
this property ihould be carried. For this purpofe^ the adion of 
the fluid on tlic fides of the gun, particularly at the part 
where the wad is placed between the powder and (hot, mull 
be known (32, No. 2). The cafiell and moft effedual 

method 
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tnethod of afcertaining this, is to make experiments with 
two guns of the fame calibre, but caft from different mix- 
tures : Let one gun be caft from a foft mixture, in which 
the tin does not exceed -^ of the copper ; (PI. i. Fig, 2,) le^ 
the charge be equal to 4 of the weight of the (hot, and be wad- 
ded as ufual ; after the difcharge it will be feen that from 
A> where the (hot was lodged, towards B the bottom of the 
bore, the fides are didended all around, and the orbicular 
cavity A C D in fhape of a pear is formed, whofe greateft 
depth is at C where tlie wad was placed between th^ powder 
and (hot; that it dimini(hes gradually towards B, and ceafes 
entirely at D, at the di(tance of about two diameters firooi 
B. (Jn charging this gun with a quantity of powder equal 
to the weight of the (hot, the cavity will be increafed, but 
its greateft depth will (till correfpond with thefituation of the 
wad between the powder and (hot. If, inftead of being con- 
flru6ted according to the proportions of heavy artillery, the 
thicknefles of metal be only in equilibrio with the fluid ; 
the gun will bur(t at the point of the greated depth of the 
cavity ; or atieaA the metal, if foft and dui^ile, will bulge out. 

Let another gun be caft on the fame model from a harder 
metal, in which the tin is equal to 7 of the copper, and 
undergo the fame proof: after repeated firings no cavity 
or other alteration will be found, provided that it was 
properly reinforced; but if the thicknefles of metal be 
only proportionate to the preflfure of the fluid, the gun will 
burft where the wad is placed between the powder and (hot. 
Other* experiments will be adduced in the courfe of this 
work, more fully to evince the neceflity of combining hard« 
nefs with the thicknefs of metal. 

Sportfmen know by experience, that though the barrels of 
their fowling-pieces may reflfl flrong charges when the wad is 
contiguous to the powder ; yet when a high wad is placed 
half a foot from it, even if the powder be of a weak quality, 
that they will buiil at that part. People unacquainted with 
the thtory of the elaflic fluid generated from fired powder, pre- 
tend that the burfting of the barrel is owing to the rarefa^lon of 
the atmofpheric air intercepted between the powder and wads 
biit whoever knows how to eflimate the force of this air, and 
compare it with the force which the fluid exerts againfl the 
wad, will be convinced that the a<^ion of the latter is the truQ 
caufe. 

n % 38. The 
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38. The neceflity of carting guns of hard metal, in otdcf 
to avoid the cavity (37) formed in the bore, is further de- 
monrtrated by the following experiments made in June 
1759, ^y ^^^ Officers of Artillery. Three 16 prs.' 
vrere conrtruflcd with the common proportions of battering 
guns, but each Swas cart from a different compofition ; the 
firfl was the common n[iixture, that has been in ufe among 
our founders for feveral years, and contained tin in the ratio 
of 8 to 10 in the 100 lbs. of copper: the fecond was the. 
mixture R; and the third T (29). Three rounds being 
fired from thefe guns, under an angle of 15^ with 81b. ji 
oz. of powder -, a cavity was found in each of them j with 
this difference, that its depth was greater in proportion as the 
metal contained iefs tin ; for on meafuring the cavities, the 
one in the gun cart from the common mixture was -^ of 
an inch, that in the gun from the mixture R t\, and that 
in the gun from T -,V. Two fhort 4 prs. one of which 
had been cart from the common mixture, and the other 
from the mixture R, were likewife fired with 1 lb. 10 oz. 
of powder ; the cavity in the former was ^"^ of an inch, 
and that in the latter ~f. 

39. The refults of thefe experiments induced the officers 
to examine twenty 32 prs. which had been proved in the 
common method, by firing three rounds from each. They 
made ufe of the inrtrumcnt invented by Sig. Mattei, 
mathematical inftrument-maker to the king, for taking the 
exact figure of the bores of guns. Ten of thefe guns had 
been proportioned on a fcale made from the diameter of the 
fliot, and cart from the mixture R : they were fired with 
fhot at the elevation of 15^ with i6f lbs. cf war powder j 
on examination they were all found to have a cavity in the 
figure ot a pear, where the wad was placed between the 
powder and (hot ; the cavity was two diameters in length, 
and TT of an inch in its grcateft depth. The other ten guns 
had been cart from the common mixture, which was harder 
than R (29, 38), and proportioned on a fcale made from the 
diameter of the bore : each of them was fired three times with 
fliot at the elevation of 22^°, the firrt time with 17-^ lb. 
of cannon potuder, the fecond time with 22 lbs. and the 
third with 26 ; lb. an orbicular cavity was hkewife found after 
the lartdifcharge in all thefe guns of about three diameters in 
length and -^\ of an inch in its greatert depth, at the part . 
wliere the wad had been placed in the lart charge. Hence 

appears 
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appears the neceflity of having gun-metal fo hard as not tp 
admit of any cavity being formed by the adlion of the elaftic 
fluid, which is more violent in proportion, as the charge 
occupies a greater length of the bore: wherefore, though 
cannon powder is lefs inflammable than war powder^ (Tieatifc 
on Powder) and confequently generates lefs elaftic fluid in 
equal times; yet, in the guns formed of the common mix- 
ture, and fired with 26^ lb. of cannon powder, the lefs 
quantity of fluid having a longer fpace to pafs through, ac- 
quired greater velocity ; fo that notwithstanding the fuperior 
hardncfs of the metal, the cavity was of the fame depth as ia 
the g^s cafl from R and charged with i6f lb. of war powder« 
'4dF To confirm the refult of the foregoing experiments, 
332 pr. ,caft from the common mixture was, in Auguft 
1759, fired twice with each of the following charges of fa- 
lutiag powder, which was the ftrongert then at hand ; five 
firokcs were given by two gunners to the wad over the pow- 
der, and three to that over the (hot : the piece was laid at 
the elevation of 22f°. 

Experiments in 1759. 



ight of Powder. 


Length of Range, 


/3. oz. 


Yards. 


9 4 
13 2 

16 6 


3968 

445^ 
465^ 



After '^the two firft rounds, the gun was examined^ but 
no cavity difcovercdj after the two rounds with the 131b. 
2 oz. an orbicular cavity was formed, whofe greateft depth 
was Vt ^f 3^ inch, at the pofition of the wad between the 
powder and (hot; and after the tv^o rounds with the 16 lb. 
6 oz. the cavity was much enlarged, its greatef^ depth was 
y\ of an inch at the place where the wad was lodged at 
the lad difcharge. 

41. Some rounds were fired in September Jjsg^ from an 
8» 16, and 32 pr. cad of a metal fimilar to L), M, f 29) ; 
in order to determine the proper degree of hardixjcfs for 
preventing the formation of orbicular cavities, even with 
extraordinary charges. The charge was of faluting powder, 
equal to ^ of the weight of the (hot ; the guns were laid at 
15"^, and the wads rammed as before^- after the experiment, 

H 3 noi 
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not the lead alteration could be obferved in any of the ffxnii 
this degree of hardnefs may then be looked upon as fuffi- 
cient, and this concluiion has been fully juftiiied by fubfe- 
quent experience. 

42. The third method, by which the powder tends to 
deftroy guns (32, No. 3) now remains to be confidered. 
In the wars of 1723 and 1742, there was an oppoitunity o^ 
examining guhs of different nations, that had been rendered 
unferviceable by the (hot flriking againll their (ides, and 
making cavities^ furrows, cracks, and fwellings, which had 
caufed fome of the (hot to break to pieces in the guns, and 
cut the metaf very deep ; as appears from the reports made 
by the officers of artillery, appointed to examine them be* 
fore they were recaft. 

Thefe accidents may be accounted for by the ceheral cuf- 
tom the nations of Europe had before the middle of the 
prefent century, of leaving it entirely to the founders to muc ' 
the metals J they, not awafe of the necefTity of having a certain 
tenacity and hardnefs, proceeded without any regular fyftcm: 
whence frequently arofe a remarkable difference in the re(ift- . 
ance of guns caft by the fame founder. In proving new 
guns, the charges occupied a great length of the bore ; at the 
firft round, the powder was equal to y of the weight of the 
(hot; at the fecond to J ; and at the third, was equal to it in 
weight : fo that if the metal were not of fufficieiii. l^ardnefs, 
an orbicular cavity was formed at the pofition of the wad 
between the powder and Ihot, without the leaft attention 
being paid to it : lefs charges being afterwards ufcd on fer- 
vice, the (hot was placed in this very cavity, which caufed it 
to take an oblique direflion, and ftrike againrt the fides 
under angles of incidence, fo much the greater as the 
cavity was the deeper; thus by degrees the gun was rendered 
unferviceable. 

49. The refult of experiments made in May 1753, and 
in July 1759, will further (hew the inconveniences ariling 
from the formation of orbicular cavities in guns. For the 
firft exj>eriments, three 16 prs. were caft of the common 
mixture (38) at the fame time, and from the fame fur- 
nace, to render the metal homogeneous, and for greater 
accuracy conftrudtcd with the fame proportions j the only 
difference being in the calibre : for the diameter of the (hot 
being divided into 8290 parts, the calibre of the fmallefl gun 
was 8463 of thofe parts, that of the fecond 8505, and that 

of 
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of the largcft 8580. Shot pcrfeftly fphcrical and well po- 
liihed were caft for the occafion ; none were ixfed that were 
not exa£)Iy 8290 of the fame parts in diameter; ifie propor- 
tion between the calibre of the gun and the diameter of 
the fliot was in the gun of the fmallcd calibre as 31 to 30, 
in that of the mean as 27 to 26, and in that of the largeft 
as 22 to 21. They were firft proved as ufual with three 
rounds, charged each time with 91b. 14 oz. of powder and 
laid at 15^, to fee how the cafting had fucceeded; no 
flaw appeared on examination, except at the portion of the 
^ad between the powder and (hot, where there was a fmall 
cavity; but its depth v\as not meafured, as the inArument 
for that purpofe had not then been inverxied (39). 

In May 1753, thefe guns mounted on their carriages, 
were placed on horizontal platforms, charged with 6 j lb. of 
pov.' r, and dircSed towards the butt; fifty rounds were 
/ired in the morning in the fpace of four hours, and an equal 
number in the afternoon, in the fame time. The principal 
obje£l being to ob(cr\'e in what manner the guns were ren- 
dered unferviceable, they were examined at firft after c\'ery 
ten rounds 3 but fo foon as the leaft flaw was perceptible be- 
tween the muzzle and the part where the /hot was lodged, 
they were examined after every round. The gun of the 
medium calibre became firft unferviceable ; fome little cavi- 
ties were formed between the 4c'* and 5c''' rounds: thefe 
incrcafing in number and fizc, we obferved between the 
lie*'* and I2C*** rounds fcveral fiftures; the muzzle alfo 
began to lofe its ftiape, the number and depth of the cavities 
increal'ed from the 126*' to the 137'*; and at the 139'" round 
the ftiot broke to pieces ; the firing was then difcontinued, as 
the muzzle would probably have dropped at the next round. 

The next gv^n damaged was that of the fmalleft calibre ; 
fomt fmall cavities were perceived in the bore of this piece, be- 
tween the 50'* and 6c*^ rounds, and feveral furrows between 
the 1 10'^ »k1 170**^; at the 208*^ and 214** the furrows were 
much deeper, and the metal was cracked in feveral parts 
eottitly through ; thefe fiflures increafing between the 220^^ 
and 230'^ rounds, the gun became unferviceable at the 233'S 
when the (hot came out in pieces. 

In the gun of the largeft calibre, Tome cavities appeared 
between the 30*' and 40*^ rounds, and fome furrows at the 
ijo'S which enlarged at the 219'^ and 230*^, with fcveral 
fiiuires that penetrated to the exterior furface at the 240^* 
lound i and as they were ftill increafing, it was judged un- 
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neceflary to fire this gun any more, though it was not entirely 
unferviccable. 

44. Other experiments were made in July 1759, with 
the three 16 pounders, already defcribed (38) charged with 
8ilb. of powder. After the formation of the orbicu-^ 
lar cavity, fome rounds were fired with 6f lb. of powder, 
the fhoc with this charge lodging in the cavity ; the gun caft 
from T being lefs hard than the other two, and the cavity 
deeper, it became unferviceable at the 14'^ round from the 
furrows and bulging in the fides: the gun cad from R 
being a little harder, and the cavity not fo deep, became 
unferviccable at 31 rounds ; the third gun being of the hard- 
eft metal, was not. unferviceable after 146 rounds, though 
it bore evident marks of the impreflion of the fhot. 

45. The experiments with the Sarcophagus (36) prove 
that when no cavity is formed in the bore, the ihot do not 
Arike againft the fides, but quit the gun in the dire^ion of 
its axis. The fame has been obferved of all the guns that 
from 1760 to the prefcnt time have been caft from the new 
mixture, and ufed at the Pra^ice Battery for the inftruaion 
of the wtillcry-men. - 

46. To demonftrate that fimilar advantages accrue from 
increafing the quantity of tin in the common mixture, 
to render it of a harder quality than thofe before de* 
fcribcd (43, 44) here follows the refult of firings from 
four 16 prs. caft in the royal arfenal in 1748; they had 
been proved as ufual; each having been fired three times at 
the elevation of 22 y°, with powder equal to I of the weight 
of the (hot a; the firft round, -J at the fecond, and a charge 
equal to it in weight at the third. After the proof, the 
bores of the four guns were perfedly fmooth and without 
the leaft flaw. They were then filled with water, and three 
out of the four havinc; ftood this new proof, were received 
and named Argos^ He^or arid Epirus : they were ufed 
fevcral years at the battery, and gave excellent practice; 
for after having been fired more than loco limes, their 
bores were as fmooth as at firft ; the windaoic of the (hot 
was fome years in the ratio of 20 to 21, and in others of 
22 to 23. l^hc fourth gun was rejected becaufe fome drops 
of water oozed through under the left trunnion ; a fmall 
chamber was afterwards made at the bottom of the bore of 
this gun, and the firft vent being ftopped, another was drilled 
correfponding to the top of the chamber^ it was in 1740 

fired 
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fired 256 times in three days firom a horizontal platform ; 
the charnr was each time ^f lb. of war powder put into flan- 
nel cartridges; tAo gunners gave five, flrokes to the wad 
over the powder, atid three to that over the fliot ; the 
vindage of the flior was as 16 to 17, the bore having beefi 
made unnfceflarily wide. The (hot were projected in a good 
direction, and no alteration was vifible in the bore, or at the 
part where the water had oozed through. 

47. To thefe feveral experiments may be fubjolned a 
particuli^r obfcrvatioii made in 1737, on the occafion of an 
order given by ihe Ki?^g, to carry on prafiice in all the gar- 
rifons. In the City of Valentia, they made choice of- 
a long 6 pr. which had been caft at Pa via in the pre-, 
ceding century v^ith the arms of Spain and bouched, a 
proof of its having been frequently fired ; thte bore was per- 
feftiy fti ai^lu and fmooih, except fome inequalities at the 
bottom, which did not however hold the teeth of the 
fearcher. This gun was each time loaded with i^- lb. of pow- 
der with the ladle, and twenty- four rounds fired daily in 3^ 
hours from a horizontal platform ; 60 (hot larger than ordi- 
nary were picked out equal in weight and diameter and fuffi- 
dently fmooth ; they fer/ed during the whole fummer, being 
dug out of the butt which was in the plane of the battery : the 
windage of the (hot was as 35 to 36 ; the wads were of 
twided hay and rammed as ufual. At the clofe of the prac* 
tice for the feafon, the gun was carefully exapnined and . 
found after 630 rounds not to have fufiained the lead injury • 
the pra£tice had been very good, fince at the diflance of 300 
yards, a fourth at leall of the ihot had firuck a target 3 feet 
in diameter, and the reA gone very near to it. 

4.8. From thefe premiles may be inferred the necejfity of 
making gurt'tnetal Jo hard and tenacious^- that on combining 
thefe two fhyjical qualities with the thicknejfes of metal ^ artil- 
lery may be fufficiently firong, light and manageable (32}, 
^nd that by judicioufly ufing moderate charges, the advan- 
tages of fi|ii^ with exadbiefs and execution, and of preferv- 
iog the guns already infided on in the Treatife on Powder, 
may be AilJy obtained^ 
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> -C HAP. III. 

Of thb 9^ys£s of Shot striking against the 

Bores of Guns. 

' a 
.» 
./ 

49V' tV hen the metal is (o haid as even to prevent 
the .formation of orbicular cavities in the bore, tii^e (hotjnay 
ftrjke agaioft tlie fides of a gun that is improperly con(lruded 
or ferwiip In the preceding experiments the trunnions were 
properly placed, the bore exa<ft)y cylindrical, tiie wheels of 
the carriage of ^ual height and moved on an even platform, 
and the (hot had been carefully felefled : but if the bore be 
not perfcAly (Iraigbt, or the motion of the gun be the leaft 
irregular while the (hot is paflSng through it, or the (hot be 
not (pberical, it muft ftrike the fides whenever the wads do not 
dofely confine it ; and, of courfe, produce a cavity deep in 
pro{K)rtiOO tothehardnefs of the metal, the adual velocity of 
the (hot ;|t the indant of pcrcufllon, and the angle of inci- 
dence under which it Ikikcs. 

50. That the (hot in pafTing alonp; the gun may be clofely 
confined by the wads may be inferred from die following 
obfervation. 

I. The three guns (43) had defe£ls fufficicnt to 
occafion every ftiot to ftrike againft the fides, but this 
feldom happened during tlie firll hundretl rounds > and 
though at length the bore was fo much damaged as to 
produce a violent (hock at each difcharge, yet there was 
no new appearance for feveral rounds. 

2- In other experiments the (hot being rough, in 
a finglc round cut the bore in a right line for a confide- 
rable length ; an ejffeft not eafily to be accounted for, 
imlefs we fuppofe the (hot to be fo clofely confined by 
the wads, that it could neither roll nor change its di* 
reftion. As the wads were of twifted hay^ it follqws 
that if they were always made of a foft, in preference 
to a hard fubftance, they might fometimes prevent the 
(hot from damaging the bore, if its tendency to ftrike 
againft the fides be occafioned by the obliquity of its 
diredion. 

51. The 
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51. The (hot (43) were fometiioes unconfined^ and cauM 
in a (ingle round cavities and other flaws, deep 10 fM-oportioa 
to their obliquity : this occurs when no wad is ufed, as in 
firing with red-hot (hot, a richochet or4n very quick firing 
in the field. 

' 52. Guns are caft either Tolid or with a core; which 
is of a cylindric form. A bar of iron, fupported by two 
uprights, placed at proper didances from each other, i% 
covered with well tempered clay ; and when ^ual in dia« 
meter to the gun intended to be caft,* is heated: it fre- 
quently happens that the work-men by making the heat 
too violent bend the bar in the middle, particularly when 
it is made thin as for 4, 8 and 16 pre. In cailing guns 
with a core thus bent, the bore mull be crooked^ which 
6e(cSt it is afterwards impofiible to remedy with die boring 
machine, without enlarging it beyond tlv^ proper calfhre. 
The officers of artillery having in 1759 examined forty-fiz. 
8 arul 16 -prs. caft with a core, found twenty-two of 
them bent at the diftance of Z2 to 13 diameters from the 
muzzle; the curvatures being in foofie xV ^ an inch, aad 
in others -rr* By cafting guris folid and boring them afteiw 
wards, thefe inconveniences are avoided, and the b<Mrs ire 
perfedily cylindric and concentric, if the machine has been 
accurately conftrufted. 

53. One of the greateft defeds incident to a gun ic^ 
when the trunnions are placed too near to the centre of gravity. 
In guns of this conflru^ion, the breech has a tendency to fly 
upwards, which renders the firing irregular and (hortens the 
range, as the (hot often ftrikes againft the upper part of the 
bore, the movement of the breech is more violent when 
the coins are made of elaftic wood. There are other irre« 
gularities of movement even in guns conftruded on the belt 
principles, owing to the unequal height of the wheels of the 
carriages or the unevennefs of the ground or platform* 

54. Shot which are rough or not fpherical, or that have 
excentric cavities are unfit for fervice. Irregularity of figure 
or unevennefs of furface are fufficient to change the diredion 
of a fhot, as daily experience teftifies; the obfervations 
already made on moving bodies will explain why internal 
cavities not concentric with the (hot, muft produce fimiiar 
effeds. If the (hot encounter and pais over any fmall extra- 
neous body in its paiTage along the plane of the gun, its pri- 
mary 
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mary diredion will be altered, and it will purfue a frefli on^ 
a)inmunicated to it by the (hock againft the fide of the gQn« 



CHAP. IV. 
Of the Windack of Shot. 

<5, X HE hardnefs of bronze and iron, and the great 
difficulty of making cannon (hot perfe6^1y fmooth and fphe* 
rical render it almoft impo(ribIe that iron (hot fhould be made 
to fit a gun, v^th as much juflnefs and precifion as leaden 
bullets fit carabines : it is necefTary therefore to allow what 
is called windage ; and for that purpofe to make the calibre 
of the gun greater than the diameter of the correfponding 
fliot : the proportion between them mu(l be fuch as to allow 
for any little unevennefs in the bore of the gun, or on the 
furfacc of the (hot, and to admit of its being drawn out by 
the ladle, or other means, if by accident any extraneous bod| 
be lodged in the gun. 

56. If fired powder followed a conftant law, the windage 
could be reduced to a fixed rule (55), To as to guard againft 
all contingencies ; but as this law is fubjccl to great varie- 
ties, it is necefTary to examine how far the increafe or decreafe 
of windage contributes to the more fuddcn explofion of the 
powder. Among the many experiments made in the Trcatife 
on Powder, to demonftrate the exiftence of thcfc modifica- 
cations, there is one (iii) which flicws how much the 
force of powder in mufquets is affefted by tlic fize of tlie 
vent; the following experiment proves that its inflammation 
and efFefts are alfo modified by the windage of the ihot. 

57. In the month of July 1759, the Commander de 
ViNCENTi, colonel of artillery, made the following: experi- 
ments with two 16 prs. of the fame weight and length, 
but of different calibres : the calibre of A was divided into 
813 parts, and that of B into 819 of the fame parts ; the guns 
were fired horizontally mounted on their carriages upon plat- 
forms perfe£Uy horizontal. The (hot were of two kinds, 
and grazed on an even piece of ground about 5 feet below 
the axis of the gun ; the (hot of the firft kind had the dia^ 
meter =C divided into 784 of the above mentioned parts^ 
and weighed y lb. more than the proper weighty tlie diameter 
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at Q of the fecond weighing 7 more, was divided into 774. 
of the fume parts. Common grained powder was ufed ; the 
charge was 4 lb. 2 oz. put into flannel cartridges in order to 
coHed^ it exadly in the fame manner at each difcharge : the 
wads Were of junk; two gunners gave three ftrokes with 
a rammer to the one over the powder, and two to that over 
the (hot : the following table (hews the refults 



With Shot of Diameter =C 



With Shot of Diameter =D 



■ 


Length of 


Range. 




Of the 


Of the 




Gun A. 


CunB. 


N0, ofkumit, Ytrit, 


Yaris. 


' I 


•188 


«49 


2 


198 


•i97f 


: \ 3 


i96f 


224f 


1 ♦ 


198* 


24s 


5 


•W4f 


248i 


I 6 


197 


•213$ 


r I 


2ai| 


.«99t 


A * 


•»93 


•213 


[^ 


2267 


«99t 


'• 4 


223 


199 



After the firings, the bores were as fmooth as before the 
experiment, fo that the ranges had not been affeded by the 
£hot ftriking againft the fides. 

58. On comparing the calibres of the gun^and the dia- 
meters of the (hot, the following are in round numbers the 
proportions of the windage ;. 

With (hot of the firft kind. With (hot of the fccotid kind. 
A : C : : 28 : 27 A : D : : 20 : 19 

B : C : : 23 : 22 B : D : : 18 : 17 

On placing according to thefe proportions the num- 
ber of rounds in two diftind columns \ comprehending in 
the one the irregular firings marked with an afteri(k in the 
preceding table, but excluding them entirely from the other ^ 
we obtain the following medium \ 
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MsDivtA OF Ranges. 



id. Col. indu- ^2d. Col. emduif^ 

Proportion of ding the irre- i the irregular 
wintfage. gular firings. firings. 

XArdu Yards, 



28 : 


; 27 


200 


197 


23 : 


22 


233 


247 


20 : 


: 19 


210 


224 


18 : 


'• 17 


203 


199 



From this tabic of cooiparifons it may be inferred ; 

I. That when theft guns are fired as above (57) the 
(hot has the greateft velocity when the windage it in 
the ratio of 23: 22. 

a* That this proportion is the be(l, fince not only 
the initial velocity is the greated, but the percudion oif 
the fhot againft the (ides of the gun is avoided. 

3. That any deviation from this proportion dkni* 

nifnes the irntial velocity. 

59* On applying thefe proportions (58) to a fixed dii* 

meter, as to that, for inftance, eflablifhed for 16 prs. fup- 

pofing the calibre of the guns be to the diameter of the fhot, 

ais 23 to 22, it would be found : 

1. That on firing from thefe guns (hot of a lefs 
diametei', viz. thofe of 15I prs. the initial velocity 
would be diminifhed by -r^. 

2. That with (hot of 15 prs. it would be diminifhed 
nearly -J-. 

3. That with fhot of a larger diameter, viz. of i6f 
prs. the lofs of velocity would be about y. 

60. By order of the King an invariable rule is laid down 
for all natures of artillery and (hot ; their calibre is prc- 
cifcly determined, and dire<9ions given for afcertaining whe- 
ther new fhot and guns have been call agreeably to the pro- 
portion therein e(labli(hed ; to avoid as much as pofTible the 
inconveniencies refulting on fervice from want of accuracy in 
this particular. There was formerly much confufion on 
this fubje£l; efpecially when the guns were nearly of the 
fame calibre, as 15, 16 and 17 prs. but to take away all 
pofTibilfty of mifhke in future^ the calibres of our guns were 
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fixed in 1726, at 3^9 16, 8 and 4 pounders. Nolwithftand* 
ing ercry precaution be taken to obferve the order in its full 
force, fhot are fofnetimes received which differ in diameter 
from the eflabliflfed ftandard (59). Shot of this kind may 
be ufed when it is not neceflary to projed them with the 
greateft initial verocity ; as, for inftance, when the be6eged 
fire againft the firiV works thrown up by the befi^ers, or to 
difmount their artillery ; and in richochet firing, or with 
hot (hot. 

When there is a number of fliot of different diameters, 
they (hould be put into ieparate piles ; as by ufing them in-> 
difcriminately, it will be impoflibie to fire with precifion or 
effea. 

6r. We tearn from the hiffory of artillery, that it has 
frequently been a fubjeft of difcufllion among profeffional 
men, what is the proper degree $f windage fir freventing 
the fljot from flrtking again fi the jidei of the gnns^ which is 
attributed to the want of a ju(k proportion b^ween the cali* 
bres of the guns, aiid the diameters of ttie (hot ; and after 
long confideration, fome concluded that it was owing to the 
allowance of windage being too great ; others to its being 
too little. 

The erroneous idea, that fired powder converted itielf into 
rays of fire, which in their movement followed the hw of 
foiar cays, made them imagine in the taff century that the 
figure of burning glafies was. the beft for the chambers of 
mortars. The ume opinion led them to believe, that (hot 
were impelled by the a£Hon of the rays iti an oblique direc- 
tion, if the vents were placed on the upper part of the cylin- 
der, and to obviate this, they made fmall chambers at the 
bottom of the bore : but experience has proved, that the 
pescuffion of the (hot againft the fides of the gun, is owing 
neither to the windage nor to the fituation of the vent; fince 
in guns of the fame calibre and with equal windage, fome 
have fuftained no injury from repeated &^ings, whUe others 
have been unferviceable in a few rounds. 

62. The only property of windage is to focilitate the move- 
ment of a body lodged in a gun, in whatever diredion it be 
impelled. The experiments (45, 46, 47) prove that without 
any regard to the proportion of windage, no damage enfues 
TO rhe bore of the gun, nor is the (hot thrown with iefs juft- 
nds if the metal be fufiiciently hard, if there be no irregu- 
larity of motion at the difcharge, inaccuracy in the bore of 
t!)e gun, nor defedl in the (hot. It refults alfo (42, 43, 44) 

that 
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that if the gUn have any of the defe£ls mentioned in the prti 
ceding chapter, the (hot will Arike againft it, whatever be 
the windage i but with this difference, that if the (hot begin 
to move in an oblique diredion, the lefs the windage smd 
the longer the bore, the more frequent will be the (hocks; 
this is too evident to need illu(hation. 

63. Ouir theory of the inflammation and explofion of 
powder deAroys every idea of rays of fire (61 ), and proves 
that the greateft force obtained from equal quantities of pow- 
der burned in veilels of different figures is in that \vhere all 
the powder is collected the nearefl to the vent, by which 
means a greater number of grains are fired ; or where the fire of 
the firft-generated fluid is refle<^ed which increafes the inten- 
fity of the heat, and produces more fluid in a given time ; or, 
aeteris paribuf from a proper combination of thefe two dr- 
cumfhinces : hence, curvilinear chambers in mortars, par- 
ticularly fpherical ones, caufing a quicker ignition, [ought to 
give l6ngqr ranges than cylindric chambers. To prove by a 
fimple experiment that the property which burning mirron 
have from their figure of concentrating' the folar rays, has no 
efFe<St in increafing the force of powder fired in a veffel of a 
iimilar figure j two 16 prs. were confirudted on purpofe 
at Turin in 1730. (PI. i. Fig. j) A parabolic chamber 
CAD was made at the bottom CD of the bore F C D G 
of one of thefe guns, the axis of the parabola was in the 
triplicate ratio of the calibre of the gun, the vent corre- 
fponding to its focus : the other gun was of the fame weight 
and length, its bore cylindric as F K L G, with the vent 
placed at the bottom. Thefe two guns were charged with 
equal quantities of powder, which exadly filled the parabolic 
chamber and were laid at 3** cf elevation; the gun with the 
cylindric chamber ranged 414 yards farther than that with 
the parabolic chamber. 
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CHAP. V, 

Of the Figure and Length of the Bores of 

Guns. 

64. vJU R anccftors wi(hing to derive every poffible ad- 
vantage from the ufe of artillery, fixed certain dimenfions for 
the conftruSion of their guns, and eftabli/hed rules for their 
weights and calibres ; which gave rife to the cultoin among 
the Italians of di(lingui(hing guns equal in length of bore 
and calibre^ but difiering in weight, into heavy and medium 
artillery. 

Weights of Guns. 



ire of Guns. Heavy Guns. 


Medium Guns. 


32 65 3 16 

j6 37 2 2 
8 20 15 

4 10 3 26 


54 3 »8 

32 3 
17 I IS 

9 19 



The heavy artillery is intended for operations that threaten 
to be of long duration, as the fieges of fortified towns well 
provided with troops and (lores. 

The medium artillery is deftined to march with af mies^ 
and be ufed in affairs that mufl foon be terminated ; as gene- 
ral or partial engagements, attacks of pofls or intrenchmcnts, 
aflaults of towns, houfes or villages. 

65. The ordinary figure of the bores of guns is cylindric ; 
the length contributes to a certain point to tncreafe the initial 
velocity of the (hot, and give longer and juflti' ranges. 
(Treatife on Powder). The length of the battering guns 
now in ufe, is not fufficient to projed the (hot with the greateft 
initial velocity; but if they were made longer and larger 
charges ufed, they would become extremely unwieldy: 
moreover, experience has proved that thefe very long guns 
do not throw their (hot with juftnefs \ and the (hocks againfl 
their fides, particularly near the muzzle, are more frcquenr 
and violent when charged with modern powder, which is 

I confidcrably 
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confiderably Wronger than that ufed formerly : the chargei 
then being neceiTartly larger, occupied a greater fpace in the 
length of the bore Cannon not to be injured by long firing, 
and to projed their (hot with juftnefs (9;, (hould be (horter 
than the guns anciently were : but excefs on this fide is to be 
4^ually guarded againfi, as on the other ; for fhort guns d 
large calibre foon damage the embrazures ; the initial vel(>city 
of the fliot, the length of range, and effeds on the objed 
are diminished ; and there is more probability of error in 
pointing (hurt guns than long ones. 

66. After the various opinions that have at different times 
been fuggefted on the proper length of guns, intended to 
lire through embrazures, all nations feem to have adopted 
with little variation the following proportion : 



Nature of Guns. 

Pr. 




Length of Bofe. 

Feet, Inches^ 


32 
16 

8 
4 


— 


10 

9 6 
8 6 
6 9 



This is the common length: when longer they are termed 
long^ and when fliorter, Jhort guns. (PI. i. Fig. 2.) Setoff 
on the liae B F of a gun of any calibre three diameters of 
the bore, for the charging cylinder ; divide the remainder C 
F into four equal parrs at H, G, K, and make FL = FK: 
B L may be tlien confidered as the greatell length that guns 
(hould be ever made of, to avoid the inconveniences pointed 
our in the preceding paragraph : and if from B F, K F be 
taken, the remainder B K is the leaft length for guns with 
cylindric bores. 

67. When 32, 16, 8 and 4 prs. (66) are loaded with 
the ufual fervice charges of powder and rammed with equal 
force, t!ie initial velocities will in fhort ranges increafe 
in proportion as the calibres diminifli; but in long ranges, 
the Hiot from t..c refiftance of the air will be projected farther 
from guns of large than of fmall calibre, in proportion to 
the diftance; as appears by the following experiments. The 
]puns were loaded as above diredled, and the (hot feverally 
fcil on three fpots below the plane of the battery. 

Number 
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Number of Yards below the Plane op th£ 

Battery. 





ijf. 


2<^. 3/. 




i Tard. 


30 Yardt^ 190 Yardtt 


Nature of Guns. 




Length of Ranges. 


Pr. 






3? 


219 


1045 2023 


16 


229 


1056 J961 


8 


233 


1050 183s 


4 


238 


1003 1703 



From the experiments made in the Trcatife on Powder, 
(loi) and others related by fome French Authors to have 
been made at Dunkirk; it refults that ^x/nj ^/i^^ /ar^^ 
calibre give the longeft ranges. The experiments at Dun- 
kirk were carried on with 24, 16, 129 8 and 4 prs* 
French guns laid at 45^ of elevation; the charges of powder 
were equal to y of the weight of the (hot ^ and the iengtbi 
of the guns was 1 1 kct. 



Nature of French Guns* 


Length of Range* 


Pr. 




Yardt^ 


24 


— 


- 4817 


16 


— 


— 43H 


12 


— 


— 4002 


8 


— 


— 355* 


4 


— 


— 3*54 



68. Hence it may be interred that common guns of large 
calibre will range farther than long guns of fmall calibre $ 
the latter are principally ufefuU againft objeds not too diftant 
or folid : of this kind are long 8 and 4 prs. which are 
placed to great advantage in fortrefles fituated on plaiits or 
gentle eminences, to keep the enemy in refped and com- 
mand the environs of the place ; as tewer men are required 
to work them, and much ammunition is faved. 

69* Long guns of large calibre (houM only be ufed in cafes 
of neceflity ; fome 32 prs. for inffaince, may be placed in 
works fituated on mountains to moleft the befi^rs, wiien 
they can form their magazines and paHc of artillery out of 
tbe reach of fmaUer guns i and in maritime towns to keep 

I 2 t\y$ 
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the enemy's veflels at a diftance. Formerly inftead of long 
guns, they ufcd guns of the common length with fpherical 
chambers at the ^ttom of the bore, larger in diameter than 
the calibre of the gun ; they fometimes ranged farther than 
long guns; but thefe chambers fliould be reprobated on every 
other occafion, from the great difficulty of loading them : 
they muft be very ftrongly reinforced, the trunnions placed 
in fuch a manner as to prevent any irregular movement at 
the difcliarge, and the carriages made to admit a higlier ele- 
vation than thofe of the cottimon conftruftion. 

70. Short guns of large calibre and cylindric bord may be 
planted on works, where it is neceflary to have guns, but 
not room fufficient for the recoil and management of longer 
guns : but as they are dcftruftive to the embrazures, howit- 
zers or carronades aie preferable to them, if from the point 
where they are placed, it is only intended to fire cafe (hot, 
for they do not damage the embrazures fo much as Ihort 
guns J their charges being lefs in proportion to their calibre, 
and the diameter of the chamber lefs than the diameter of 
the bore- 

71. An army deftined to aft in a champaign cotmtry 
(hould have a train of artillery (64) compofed of medium 8 
and 16 pounders. In cafe it may be neceflary during the 
campaign to occupy a pofl or attack a town furrounded with 
occalional works or fingle walls, fome guns of large calibre 
ihould be dcpolited in a fecure place wirhin reach of the 
army. The trunnions of medium guns fliould be placed 
nearer the muzzle, which would render them firmer on 
their carriages and more regular in their movements. 

72. When the fcene of aflion lies in a mountainous 
country, where from the badnefs of the roads the tranfport 
of carriages, is almoft impracticable j a few pieces of iron 
ordnance may be placed in the ports of the grcateft import- 
ance ; and the train of artillery left in the rear, till local 
circumflances or the future operations of the campaign make 
it neccfl'ar)' to bring it up. Should there be a necefllty of 
having fome fliorr guns (66) for opening a pa flTage through 
defiles, ^'c. the diimeter of the chamber (hould never exce^ 
the calibre of the gun, as they are very uncertain in their eflPefls. 

In the lafl century very (hort and light guns of diflfcrent 
natures and lefs in calibre than 4 prs. were invented for 
accompanying troops through rough and difficult coun- 
tric^i but cxi)crieiice has fliewn that they do not produce the 

advantages 
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advantages their projcftors promifed ; and that. Independent 
of a heavy and ufelcfs expence, they caufe much embarraf- 
ment in the difpofition and movements of an army. 

73. Guns caft of iron of a very tenacious quality may be* 
nfed in places of fmall importance, field works and thofe 

, parts of permanent fortifications that cannot from their fitu- 
ation be obliged to maintain a very long cannonade : they 
arc generally two diameters ihorter than brafs guns of the 
fame calibre^ it having been found by experience that when 
very long the muzzle is foon injured ; wherefore theft are no 
long guns of iron. Iron guns for fhips of war are made 
nearly of the length of (hort brafs guns (66), for the facility 
qf loading them within the port-holes to (helter the feamen 
from the enemy's mufquetry ; for though their initial velocity 
be lefs, that is looked upon as a matter of no great moment, 
fmce fhips can approach near enough to each other to make 
the (hot penetrate the (ides. 

74. In determining the length of the barrels of mufquets, 
it was not confidered which would impel the bullet with the 
greatefl initial velocity, but which was bef) adapted to the 
different methods of fighting: for mufquets that are too long 
or too fhort are equally inconvenient^ and the foldier fhouI4 
fver he affured of the goodnefs and effect of his fire-arm (7 )• 
Dragoons being deftined to aft occafionally, either as infantry 
or cavalry, are armed nearly in the fame manner as infantry; 
while that the carabine and piflol of the horfe being of no 
fervice on a charge, but only on detachnients or fkirmifhes, 
the facility and eafe of tnanaging them on horfeback are 
chiefly attended to. 

yS- Mortars in the firft year that fucceedcd to their inven- 
tion, were conftrufted of difftrent calibr^, figures, and di- 
menfions, according to the various ffervices for which they 
were deiigned : tl>e bore of the largeft was 20 inches in dia- 
meter, that of the fmalleft 5I inches ; the latter were called 
royal mortars. The largeft mortars at prefent do not i^xcee^ 
^ 15 inches ; thofe of 13 inches are mod commonly ufed. 

76. From thfc interior figure of mortars, the elaftic fluid 
generated in the chamber is dilated on pafTmg into the chafer 
its prciTure againft the fhell isftill fufficicntto give it a prpper 
velocity, unlefs the charge be too fmalh ; as is feen in carro- 
nades and howitsers, which in refpecl to their interior figure 
may be compared to mortars with cylindric cliamber^ . The 
i^egularities of ranges of mortars fired under a larger angle 

I 3 ^han, 
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than 15^ may be owing to the bombardiers that load the 
mortar ; or to the recoil not bei()g in the diredion of the 
range: the too great length of the chafe is the caufe of both 
thele circumftances i for before the (hdl can quit the monar^ 
it has recoiled a fpace equal to half the difference between the 
diameters of the mortar and of the (hell i the diredion of the 
latter is then altered by ftrikingagainft the mortar, which 
is frequently muoh damaged. 

77. The chafe (hould be fo fhort that the bombardier 
may eafily adjuft the powder and the fhell ; and that the (hell 
in quitting the monar may not be able to ilrike againft it, 
and alter irs recoil. The chafe of the largeft mortars (hould 
be a diameter and half of the bore in length, which would 
greatly &cilitaie the loading : upon this principle the chafe of 
fmall mortars might be longer : but as the (Iriking of the 
fhell againft the mortar depends on the difference between 
their diameters, the length of the chafe mud in all mortars 
be proportionate to the diameter of the bore, the proper 
degree of windage having been previoully determined. 

78. From the mod accurate experiments that have been 
hitherto made, it appears that mortars will be of the bed 
proportion, when the length of the chafe does not exceed a 
diameter and half of the bore, and when the windage is 
23 : 22. If the windage be leflened, the chafe muft alfo be 
ihortened, as in mortars ufed in proving powder; where 
very little windage being aiiowed, the length of the chafe is 
only a diameter and a quarter of the bore. 

79. The bed length of the chafe in mortars, for facili- 
tating the operations of the bombardiers and preventing the 
Ihock of the fhell, and the obliquity of the recoil being 
determined ; it is neceflary to have recourfe to expedients 
to give the greated initial velocity to the (hells, which is 
often required on fervice witliout lengthening the chafe : this 
is effected: 

J . By condni<3ing the chamber of fuch a figure that 
the powder being colledted clofe to the vent, more of 
the fluid ma. be generated in equal times: the fpherical 
figure is the bed for anlwering this purpofe, as has been 
explained in the Treatifc on Powder. 

2. By oppofmg a great refidance to the expiofion of 
the powder, without increafmg the weight of the fhell, 
by which means more of the eladic fluid will be gene- 
rated before it is in motion ^ this refidance may be aug- 
mented by placing a tompion of wood over the tartii 
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that is rammed upon the powder, and by prefllng earth 
clofe round the tompion and the (hell ; the initisM v^ 
locity will be thus increafed. 

3. By increafing the fize of the chamber, 
80. Stone mortars are ufeA for throwing troops, work- 
men, &c. at lieges into confufion : the chamber is in form 
of a troncated cone, wliofe lead bafe is towards the vent ; 
they are tired with fmall quantities of powder, as with large 
charges the Aoi^es would fpread fo much that fjpw or none 
would have cffc&. 1 heir diameter ihould not be lefs than 
15 inches, nor the chafe lefs than a diameter and a hah in 
length, that it mav contain a fuffictcnt quantity of ftones : 
by increaiing the diameter and length of the chafe, they 
would contain more ftones, and confequently be more de^ 
ftrudive ; but then from their weight they would be very 4ifr 
licult to tranfport. 



CHAP. VI. 
Of the Thickness of Metal in Fire-arms. 

81. 1 HERE arc two extremes to be equally avoided 
in determining the thicknefles of metal in fire^urms , the one 
is, making them too thin and light -, the other, too Orong 
and heavy : the danger arifmg from the firfl is too obvious to 
fieed infixing oq ; the tecond is com; rized within certain 
limits. The metal proportionally diOributed throughout the 
whole length of the piece, ought to be capable of reiifling rhe 
forces which at each point tend to bur't it ; and of fuch a 
wdght as to prevent any irregularity in the motion ot the 
(hot, that would materiallv aH'ect the Jurtnefs of the tiring 
(9} : we will endeavour to alcertain theie limits. 

82. No ahfolute and general rule can be laid 4>wn for the 
{hicknefs of metal in guns, fince feveral phyfical pom^s are 
involved in the problen^. In a gun of a given calib''e, tho 
thickneflcs proper to refill the prefliire of the fluid, may be 
known by firing it very tiron.ly reii^lorced feveral times witU 
the fame charge ; then thinning the metal and firing ir agair\ 
vfith the fame cli^e ; and thus fuccefllive|y dimiai<hing the 
thickne(1es« till they be fo reduced tha; the liece burft at o.ice 
\i\ cvoy point of it^ length. Such cx^imen,^ cannot ba 
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concludve in all cafes, though made with the utmoft accuracy; 
as there may be defers in tlie mafs of metal, for which 
allowance cannot be made. To avoid fuch a tedious procefs, 
the fcale of preflures of the fluid againft the (hot nuy be 
con(iru6ied ; this method of rofolving the problem is the moft 
eafy and fimple : but the greater the diftance of the point 
where the thicknefs of metal is determined from the place 
where the (hot is lodged in the gun, the lefs exa6t will be th^ 
folution. , 

83. To enable guns to refifl the pre(rure of the fluid, the 
*thickne(res of metal muft be determined from the fade of 
pre(rures. With rcfped^ to heavy artillery (64) feveral-rounds 
ihould be (ired from three or four guns, differing in length 
but of the fame calibre as the guns whofe thicknefles are 
fought, with the Jarger fervice charges; the wads rammed 
down with more force than with the medium charge ; and 
the initial velocity of each (hot meafured. (Treatife on Pow- 
der.) To con(lru6l a fcale for eftimating the proper thick- 
nefles of medium artillery (71), the'Iargefl charges (hould 
be ufed that the guns will bear, and the wads ranlmed with 
the fame force as the wads of guns more reinfCirced and loaded 
with t'^.e common charge : it is eflential to obferve this, as 
from the different refiftance of the wads, a confiderable diffe- 
rence arifes in the ordinate that exprefles the greateft prefTurc 
of the thiVic fluid, and fuccefTively in the other ordinates ; as 
may be inferred from the fourth chapter of the Treatife on 
Powder, where the modifications of the elaftic fluid in the 
cylindric bores of guns are confidered. The initial veloci- 
ties of the fhot being meafured, and a line drawn to exprefs 
the fcale of velocities in certain fpaces, the fcale of corre- 
fpondi/ig prefTurcs may be found from this line by tlie me- 
thod diredkd in the treatife on moving bodies. It (hould be 
remarked that the velocities of (hot from guns of large calibre 
fir^d with large charges, are produced by the preflure and 
impulfion of the elaftic fluid, which, generated at the bot- 
tom of the bore, ads with fuch force on the (hot (37) as to 
communicate to it a conftant velocit}^, which the fccond wad 
however flrcngly it may be rammed cannot deftroy. The 
fcale (hould then be parallel to the axis of tlie gun ; and its 
diftance from it equal to a right line drawn perpendicularly 
, to the axis, expreffing the conftant velocity produced by the 
impulfion of the fluid. 

84. This 



OF GUN-METAL. I37 

84. This being premifed ; let a gun (PI. i, Fig. 4) 
A B.C D be caft of the fame metal, calibre, and length as 
thofe of which the thicknefTes are fought, and its dimenfions 
determined by a right line C D drawn obliquely to A fi, fo 
that the thicknefs A C of the breech may refid the prefliire 
of the fluid ; the thicknefs R D at the muzzle will be much 
lefs. Suppofe this gun (83J burft at the firft round in any 
point between A and B, as at G ; fliould it burft in feveral 
places at once, mod attention fliould be paid to the opening 
next the breech. Let F G ^here the metal yields to the 
preflure of the fluid be thickened in the proportion of the 
tenacity of the bronze, heated by firing as much as it can be 
on fervice ^ 35 ) to its tenacity when cold, and call it = m ; 
then m exprefles the proper thicknefs of metal at the point 
G of the length A B. It is eflential to remark, that the 
fra£lure in G was occafioned folely by the prefTure of the 
fluid, and not by the percuflion of the fliot againft the (ides 
of the gun, nor by any AdtGt in the metal ; as may be 
known by examination. 

85. Let H E reprefent the bore of a gun, whofe thick- 
nefles of metal are fought; (PI. 2,. Fig. 5) draw the fcale 
L O Q^ R (83) of the preflures of the fluid deduced 
from the red^angular ordinates; make EP equal AG (PI. i. 
Fig. 4) and P T equal to m ; then if O P be the greateft 
ordinate of the fcale L O Q^R, from the point T draw T Y 
parallel to P E for the thicknefs of metal from P to £ ; in 
order to find them from P to Htnake the following propor-* 
tions; PO:NQj:PT:NV, and PO : HR :: PT: HX, 
draw a line through the points T Y X ; then Y T V X will 
be the fcale of thicknefles fought. But if K L be the greateft 
ordinate, find K S a fourth proportional to P O, T P, K L; 
and from the point S draw S Z parallel to K £, in order to 
have the thicknefles from K to E j then Z S T V X will be 
the fcale of thicknefles in the whole length E H of the gup. 

86. To apply this theory to a particular cafe ; (PL 2, 
J*^'g' 5)1^^* 3'-^ P*"- ^^ charged with 13 lb. 2 oz. of 
fine war powder, and the wads rammed fo as not to dimi* 
nifli' the volume of the powder. Let the proportion of tin 
in the gun-metal be 7 and the gun be fo heated as to fire 
powder ; its greateft thicknefs in a ftate of equilibrium will 
be K S. If the gun be fired under the moft fiivourable cir- 
cumftances to the inflammation of the powder, that is, ji = 
1200 (33) the greateft thicknefs K S ough( tQ be |-^ of tbo 

diameter 
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diameter of the bore, and the leaft thicknefs H X between t 
and 7 of K S. If the proportion of tin be { the greateft 
thicknefs K S (hould be ^ of the diameter of the bore an4 
HX ; or I of II. 

87. the following confequence may be drawn from a coQ<« 
fideration of the theorem 9962 nr—mq {^i) - 

1. That in two guns of equal calibie caft from a dif* 
ferent compofition, fired with equal charges of powder^ 
and wadded in the fame manner; if r and n be confiant 

S|uantities, the thickne{Ies=m at points equally dirtant 
rom the bottom of the bore ought to be in the reci- 
procal ratio of the tenacity - q of the different metals. 

2. That in the fame gun on altering the charge, at 
the preffures of the different points will differ from thod 
produced by the firft charge, the correfponding thick- 
neiles (hould be in the ratio of the fecond preffures. 

3. That in two guns of different calibres, if the 
tenacity =^ and the preffure=ff in points equally diftant 
from the bottom of the bore, the fame ordinate will 
exprefs both; the thickneffes=i7i of the two gunsii^ 
the fame point will be proportional tp the radii = r an4 
thence to their calibres. 

S8. If the thicknefles of a gun correfpotid with certain 
determined circumftances ; (PI. 2, Fig. 6) as for example, 
if A B C D be a 32 pr. of which the thickneffes H H, 
K K, A L are as before expreffed (86) and it be wiihed to 
determine in a gun D C F G of a different calibre, the cor- 
refponding thickneffes M M, N N, G P, the problem may 
be eafily folved by the conclufions drawn in the laft para- 
graph, without having recourfe to experiment : other pro* 
blems alfo that are conneded with the modifications of the 
fluid may be folved by the fame method 

89- The rules here laid down for dacrmining the thicknefles 
of metal in guns of cyljndric bores would anfwcr for every 
poffible cafe, if the (hot never ftruck the fides : but if in a 
gun thus proportioned, the ihot (hould (^rikc the fides, the 
metal would yield and the gun burft. Thefe percu(fions of 
the (hot produce in brafs guns two different effet^s: they caufc 
hollows in the infide, which are always perceptible whatever 
be the fize of the gun ; but the harder the metal, the lcf$ 
impreffion the (hot makes : thus they cannot be avoided by 
adding to the thicknefs of metal, but may by increafinjr it^ 
l^ardnefs} but what is thus gained in hardnefs, is loft \r\ 

ten:;city. 
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tenacity. The fecond cfk&. produced by the (hot is the 
bulging or external fwelling of the metal, the cracking 
and confequent ruin of the pieces : this depends on the 
combinati()n of tenacity with the thicknefs of metal ; and 
to prevent it, the thicimefles mud be augmented. In iroa 
guns, when the percuflions of the (hot are very violent^ 
the piece burih without any hollow being found in the 
bore, or any fwelling on the outfide : wherefore, if the tena- 
city of iron could be fufficicutly increafed without prejudice 
to its hardnefs, it would be preferable to any other metal. 

90. To determine the thickneiTes from the point T, (PI. 2* 
Fig. 7) where the fhot is lodged, to the muzzle of the gun^ 
and prevent the metal from bulging ; it is neccflary to have 
the fcale T L M of the velocities in the fpaces T P, T C. 
The force with which the fliot flrikes the gun in any point 
as m V, is expreffed by the produd of the weight of the 
fliot, multiplied by the correfponding velocity P L, and by 
the right fine of the angle of incidence K V A. If thefd 
fhocks proceed from a coni^ant caufe, viz. an orbicular 
cavity in T, the point that the (hot ftrikes is farther diftant 
from T as the cavity is iefs deep, and the angle of incidence 
K V A becomes Ick. But if the fhocks proceed from any 
adventitious caufe, which alters the direction of the /hot^ 
and gives an irregular motion to the gun (53) then the 
angle of incidence may be greater, and the force at the 
different points V will be proportional to the correfponding 
velocity P L. That the thicknefs of a gun may be pro- 
portionate to the greateft (hocks it can receive, experiments 
(hould be made with pieces of metal of the fame quality 
as that of which the gun is caft ; and the proper thickne^ 
at the muzzle to prevent its burAing or yielding in any 
manner to the (hot determined. Suppofe this thicknefs r B 
N, thenCM:PL::BN : V Qj the line HQN will be 
the fcale of thicknefles fought, and will cut in the point R. 
the fcale S F R G D of the refiftance to the prefTures of the 
fluid (88, 80): therefore the line S F R Q.N will determine 
the ihkknencs tliroughout the whole length of the piece^ 
capable of refifling the forces that tend to burd it« 

91. In thus proportioning the thicknefles of metal ta 
the force of the moft violent (hocks, the gun would be thicker 
at the muzzle tlian at the breech, and of courfe extremely 
unweildy. But as thefe direct (hocks can only arife front 
im^ ycry uocommgn caufe^ and th^ a^ccelerated preffiireii 

of 
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of the fiiud againft the (hot, ad in the diredion of the sixis; 
the thicknefles determined by the line R QJ^, may be much 
diminifhed without any rifque of burfting the gun. The 
following obfervations made on more than 100 guns that 
were rendered unferviceable by the (hocks of the mot. may 
be adduced in order to afcertain fome limits for this pro- 
portion. Thefe guns in refpedl to thickiiefs of metal, were 
of three kinds : the firft were determined by a fcale made 
froni the diameter of the bore ; the thicknefs at the breach 
was one diameter ; at the end of the iirft reinforce J4 » ^^ 
the beginning of the fecond reinforce |-^ ; at the end of the 
fecond reinforce 44 ; at the beginning of the chafe ^ ; and 
at the muzzle -r^. The guns of the fecond kind were in 
the fame proportion, but the fcale formed from the diameter 
of the (hot, fo that they were not fo thick as the firft kind. 
The third kind was as the fecond, proportioned from the 
diameter of the (hot from the breech to the (irft reinforce ; 
but, at the Beginning of the chafe was only ri of the dia- 
meter, and at the muzzle i%. The lead thicknefs of the 
fwell of metal at the muzzle was, including the ornaments, | 
of its diameter in ^e three kinds of guns. It was ob- 
ferved ; i 

1. That in the guns of the firft kind, a very violent 
(hock caufed neither crack nor bulge in whatfoever 
part it ftruck: the force and direction of the ftiock 
being gathered from the form and depth of the cavity. 

2. That in the guns of the fecond kind, the fliot 
having (Iruck violently between the half of the chafe 
and the muzzle, the metal bulged out ; and at the 
fucceeding round, tl>e muzzle dropped. 

3. In the guns of the third kind, bulges and cracks 
were obferved at about ^ of the length of the chafe ; 
and though the exterior of the muzzle did not appear 
the leaft altered i yet, at the next violent fliock it 
dropped. 

g2. From the preceding obfervations (86) it may he 
concluded; that if the gun from A to G (PI. 3, Fig. 8) 
has its thicknefles AC, GD = i4 o^ the diameter of the 
bore, and BFiiy^j the right line D F, will exprefs the 
thicknefles necefTary to refift the forces that tend to burft the 
gun, viz. the adlion of the fluid at N, and every other poii«t 
of the length of the bore, and the moft violent (liocks from 
the (hot > provided that the fwell of metal fi at tl^ mu^t^ 

z!c 
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fele be not lefs than 44, and be for greater fecurity conneaed 
with the muzzle aflragal, by the convex' line H L K. Gun- 
metal not being fufficiently hard to prevent the (hot from 
making impreffion when they (hike with great force againft 
sny part of the chafe, it would be better, as a means of 
obviating this inconvenience in fome meafure, if the moulds 
were placed in a different po(ition from what they are at 
iprefent, with the breech up and the muzzle down^ as in 
cafting mortars : by this method the metal at the chafe 
would be denfer than at the breech, and of courfe more 
hard and tenacious. This with proper precautions, may be 
done whether the guns be caft folid or witli a core. 

93. Guns coh(lrudied on thefe principles (92) tho' fuffici- 
ently flrong are defeftive in two points : they are too light, 
and confe^uently their motion being irregular, it is im- 
po(Gble to fire with juftnefs ; and there is a nece(rity for 
placing the trunnions too near the muzzle, that the motion 
6f thi bitech may not be fo violent as to render abortive 
every attempt to hit the objedt : from the latter circumftancc 
alfo, tliey cannot icnter far enough into the embrazuires; 
which are very foon deftroyed by the expIo(ioh of the pow- 
der. The htR remedy for thefe defects is to reinforce the 
gun particularly at the breech, according to the proportions 
hid down in the firft book of artillery : it will then be fuffi- 
ciently heavy to prevent any irregularity even with the largeft 
charges ; the trunnions may be placed nearer the breech^ 
and the muzzle will enter farther into the embrazures. 

94. The dimenfions (7, 8, 9,) for the body of the piece 
bring thus determined ; the proper pofition of the trunnions, 
cafcable, bafe-ring and dolphins muft be afcertained. The 
trunnions (hould be placed between the centre of gravity 
and the muzzle, that the gun may be rather heavier at the 
breech, without rendering it difficult for two gunners to raife 
it with their handfpikes, for the purpofe of laying it, and 
that it may enter far enough into the embrazure ; their dia- 
meter is equal to one Calibre. The pofition of the dol* 
phins (hould be fuch, that when the gun is fufpended by 
them, the breech may preponderate a little, that by taking 
hold x>f the cafcable it may be the more eafily managed. It is 
cuftomary to engrave on the upper part of th*c gun, the 
arms of the king and the mafter general of the ordnance, 
with infcriptions, trophies, &c. which obliges the founder^ 
to raife the bafe-ring, and the fwell of mct^l at the muzzle 

higher 



142 ^F GUN-METAL. 

higher than the ornaments, that the vifual ray may pa(s over 
them. If the bafe ring be higher than the fwell of metal 
at the muzzle, the vifual ray will cut at a fmall diftance 
the axis of the gun produced ; this will make it eafy to 
point at diilant objeds that are not much elevated above 
the plane of the gun, when there are no higher objeds be- 
hind them to fix the eye, as often happens in the attack 
of citadels. The junction of the muzzle to the neck, will 
confiderably reinforce the gun at that part. The metal at 
the bottom of the bore is much thicker than at the other 
parts, the better to refiA the explofion : the formula ^Philof. 
Inftit.) for meafuring the refi(lance of the bafes of cyljn<' 
ders, will exadly afcertain the quantum of this excefs. 

95. A gun mounted on its carriage is fupported by the 
trunnions, and refids the explofive force of the powder by 
the tenacity of' the metal of which it is cad : the momen- 
tum of this force is exprefled by the produ6l of the weight 
«€f this part of the gun, into the diftance from the centre 
cf gravity to the point of fupport. On applying .this prin- 
ciple to our theory (Philof. Inftit. 233) it will appear that 
the metal heated as much as it can be on fervice is greatly 
fuperior in tenacity to the different forces that tend to bena 
•or burd it. 

Some guns that had been rendered unferviceable at the 
attack of Savona, were ordered to be brought to Pied- 
mont : for the facility of tranfport they were fawed in 
pieces, which gave an opportunity, previous to the operation, 
of afcertaining experimentally the truth of the foregoing 
principle: A 32 pr. conftruded on the fame proportions 
as guns of the firft kind (91) was fixed by its trunnions 
upon a rock ; the breech was folidly built into a wall, fo 
that from the trunnions to the muzzle it was fufpended in 
the air ; the part not fixed in the wall was heated by a large 
wood fire, till a ftick on touching it fmoked, and inftantJy 
blazed ; a much greater degree of heat than guns ever ac- 
quire in the heavieft and longeft cannonades. The gun 
being thus heated, two workmen gave more than 100 ftrokes 
with a fledge hammer on the fweli of metal at the muzzle, 
with all their might, without doing it the leaft injury : from 
this experiment where the force employed to overcome 
the tenacity of the metal was fo great, we may infer that 
the chafe is capable of fufGcient reildance. 

96. From 
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96. From thefe preinifes, the following conclufions may 
be drawn mih regard to heavy artillery. 

1. That long guns ought to be cad of a hardermetal 
and more reinforced from the middle of the chafe to 
the muzzle, as in that part guns of this nature are mod 
txpokd to be (Iruck by the (hot. 

2. That fliort guns intended to be fired with large 
charges fhould be reinforced as much as guns of the 
common length, fince they have equal forces to refift: 
for example, if A T be the length of a (hort gun 
that has the fame thicknefs of metal as the common 
gun A B ; (PI. 3, Fig. 8) fuppofing A B to be (awed 
afunder in T, the fwell of metal (houid be placed at T, 
and the trunnions fixed nearer to the breech, to make it 
preponderate. 

3. If the medium charge be the largeft ever ufed for 
thefe guns, and be rammed in the common method, 
the thicknefs A C may be -f? of the calibre, and the 
other thicknefles dimini(hed fiom the breech to the 
muzzle in the proportion of common guns. 

4« If thefe (hort guns are only intended for firing 
cafe-(hot without wadding, the calibres may be increafed 
and the thicknefles confiderably dimini(h^. A cylin- 
dric chamber made at the bottom of the bore, will leflen 
the charge of powder and of courfe preferve the embra- 
zurcs. 

97. If guns (71, 72) containing j- of tin only be fired with 
the medium charge, and the firft wad receive five and the 
fecond three firokes from two gunners ; the thicknefles of 
metal may be 16 proportioned that the weight of medium gtms 
may be the fame as before exprefled (64) ; and in (hort guns 
of cylindric bores (66, 72, 96, No. 3) they may be dimi- 
nifhed, if the charges be xefTened or the wads comprefled vrith 
lels force. 

98. In Aort guns and even in medium guns, (6, 7, 8, 9} 
the trunnions mould be placed nearer to the muzzle as 
chey are never intended to fire through embrazures: if 
this be deemed inexpedient, fome method may be devifed 
of fixing the breech to the carriage. Many inventions have 
been propofed for this purpofe, of which the arrillerifl may 
conceive an idea from the models in the royal fchools. By 
placing the trunnions nearer to the breech it will pxe- 
ponderatc Jeis, and the gun be more eafily depreflcd or 

elevated. 
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elevated. The vifual ray (hould pafs over the ornaments 
and interie^Sl the axis of the piece produced not far from 
the muzzle (94). From tlie conflrudion of thefe fliort 
guns, there is a very great difference between the dia- 
meters of the bafe-ring and muzzle, which being confidered 
by fome artilleries as a defed, a projefiion was made upon 
the bafe-ring of fome guns cad in the lad century, and 
pierced with holes ; which gave the gunner a free and unin- 
terrupted view along th^ gun, and enabled him to lay ic with 
precifion to very diftant objects : others have imagined a 
moveable inftrument pierced with holes, the bafe refting ver- 
tically upon the bafe ring, by means of which the gun could 
be laid at different elevations as the vifual ray paiTed through 
the holes along the gun towards the objc6l ; other holes were 
made horizontally to correal the direflion in cafe the preceding 
one was wrong: but as artillerifts may fupply the want of thefe 
inftruments in a very fimple and eafy manner, it is unneceilary 
to dwell any longer on the fubjed. 

99« The thickneflfes of metal in mortars are the fame as 
were ufcd by our anceftors for a long feries of years. The 

theorem 9962 »r*==2rw + fw*x^ will (hew that the thick- 
nefs at the breech in mortars with fpherical chambers is fuf- 
ficient to refift the ftrongeft preflures of the fluid, when the 
chamber is filled with fine v\ ar powder confined by a tompion 
of wood, and the (hell furrounded with earth firongly com- 
preflTed. The theorem (Philof. Indit.) for the bafcs of cy- 
linders will fcrve for mortars with cylindric chambers, hut as 
the modern powder is much firongcr than that ufed in the 
lall century, the thickneflcs may be increafed ,% and then the 
mortars will be fufficiently ftronc; for every purpofe. 

ICO. In morrurs fired with the larirdl charL^es, the elaftic 
fluid generated in the chaml>ir is confidcrably dilated on 
pafTing into the chafe; the fcalc of preflures therefore will 
very fuddei:ly approach the axis of the mortar ; whence no 
damage can enfueif the thicknefles have been properly pro- 
portioned. Mortars call on thefe proportions, of metal 
containing J of tin, refift the prefiure of the fluid, and 
every other force that tends to deflroy them, as the impulfion 
of the fluid, and the percuflion of tlie IhelJ : but if the 
chafe be not united to the breech by a confiderable thicknefs 
of metal, it will be broken off, or at leaft incurvared. If 
the metal contain -^ of tin, the imprefllon of the (hells will 
be lefs 'j but the thicknefs muft be incrcafed* 

1 01. Mortars 
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tor* Mortars are moreover liable to an accideat that 
defeats every good purpofe expeded from the ufe of them ; 
viz. the burfting of the (hell in the mortar, or immediately 
on quitting it. This may proceed from a defeii in the fufe, 
the negligence of the bombardiers in loading the mortar, or 
not priming it before the fufe is fet fire to, or from a hole in 
the Ihell through which the fire from the explodon com- 
municates with the powder. When from either of thefe 
caufes it burfls in the mortar, it generally renders it unfit for 
further fervice. Increafing the thicknefs of metal in mortarS) 
whatever be the motive, will be alv\ays advantageous ; pro- 
vided they are not too unweildy : fince in all fire-arms foil- 
dity adds to the juftnefs of execution* 

102. The trunnions if equal in diameter to the femi-dia- 
meter of the mortar will be fufficiently ftrong : they ihould 
be let into the bed throughout the whole length, or at leaft 
the points of fupport (hould be near tl\e breech of the mortar; 
for when they are fupported only by the extremities, they* 
are liable to bend and break, as has frequently happened. 

10^. Mortars are made' of different diameters according to 
the ufes for which they are defigned ; thofe from 15 to 20 
inches, are for throwing Aones to retard the progrefs of 
the befiegers, and are never fired to a greater dlAance than 
350 yards, as in longer ranges, the fiones are too much 
Scattered to do execution; their chambers therefore are in 
form of a troncated cone, with the greateft bafe towards the 
inuzzle and contain but little powder. This mortar having 
no great effort to fuftain, may be lefs reinforced: the 
thicknefles allotted for fione mortars will anfwer for every 
purpofe in which it is ufcd, as in throwing fire balls, car- 
cafles, &c. 

104.. Thirteen inch mortars, with chambers fpherical, 
tUiptical, or in form of a pear, are defigned for throwing 
(hells to defiroy magazines and other military edifices. If 
it be wi(hed by increafing the range to add to the efFe<9s pf 
the (hell by the height of the fall, the fpherical chamber is 
the bed ; but then it is neceilary to increafe the thicknefies of 
metal, to infure proper refifiance and folidity. In the laft 
century, 20 inch mortars were made with curvilinear cham- 
bers to fire from very great difiances, that the (h^lls might 
fall with irrefiftible force on magazines and other buildings ^ 
but their exceflive weight has caufed them to be difufed ii^ 
land fcrvi^e : ^ven 15 inch mortars are very difficult to work 

K u^ 



146 OF^ QUN-METAL. 

upon batteries, and the OicU is very unwdldy; they arc 
principally ufed at Tea in bomb-ketches, for tiie purpofe of 
bombarding maritime places from great diAances. 

105. Ten inch mortars are very ufeful in attack and de- 
^nce, for difmounting the enemies cannon and demoli(hing 
their works and buildings ; they are not expcnfivc and eafily 
worked: the bed form for their chamber is cylindric ; it being 
of great importance that the firing from them (hould be very 
€xa(5t, they (hould be well reinforced to enable tlvem to refift 
the (hock of the (hell and increafe the folidity. Mortars 
have been likewife conftrudled of 5^ and 4} itiches in calibre; 
they range but a (hort diAance and require the greateft accu- 
racy and preci(ion. It may be inferred from thefe remarks 
that mortars cannot be made lighter without confiderably 
diminifhing their effeds. 



CHAP VII. 
Of Casting Artillery. 

106. X HERE muft be a combination of feveral cir- 
cumftances to infure fuccefs in carting artillery : unlefs the 
metal be of good quality and properly proportioned, the 
guns may be defe<Sive, perhaps ufelefs ; and though much 
depends on fcience and experience, yet chance has fre- 
quently no fmall fharc in the event. The principal motive 
for examining and fubjefting guns and mortars to various 
proofs before they are declared fit for fervice, is the uncer- 
tainty under which the moft able founders have at all times 
laboured on this head ; and among the feveral experiments 
made to afcertain their goodnefs, there arc fonie wiiich would 
be highly abfurd, were they not intended for the detedion 
of artifice or ignorance. 

107. To fucceed in carting guns and mortars there muft be: 

1. A perfv-d connection between the metallic par- 
ticles ; which depends en the degree of heat and fufion 
when the metal is run from the furnace into the moulds. 

2. An exact mixture of the feveral metals. 

3. A moft accurate preparation of the moulds. 

4. No vacuity in any part ot the bore of the gun^ 
that may render it dangerous to the men that ferve it. 

loS. Itt 
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108. In dlfpofing the metals in the furtiaCe, the firft 
ftep is to weigh theai feparately^ in the proportions previ* 
ouily determined and place them near the furnace. When it 
has been heated for four or five hours, it is cleaned and fome 
cakes of copper put in at the mouth » which being fluxed 
fpread over the furface of the hearth; the reft of the copper m 
then gradually introduced till the whole be fufed ; and to 
facilitate it fome tin is thrown in (24). When the metal is 
thonmghly melted, the fcoriae are fcummed off with a ladle : 
if brafs form any part of the compoHtion, the proper portion 
is put into the furnace and ftirred with the ladle, the better 
to mix it with the copper. When thefe fubftances have 
attained a proper degree of fufion, the tin is thrown in an(| 
the fire increafed for half an hour and more, till the whole 
has acquired the degree of heat and liquidity judged neceilary; 
the fcoriac then fwim on the furfape, and are in part diflipated 
with a luminous appearance; the remainder is fcummed off. 
The mixture is then well ftirred and the furnace opened to 
iet it run into the moulds. 

If no brafs be ufed, the proper quantity of tin is put info 
the furnace after the fcoriae have been drawn away ; and 
when the mixture is fufEciently liquid, it is ftirred and the 
furnace opened. 

1C9. In recafting old guns, mortars, '&c. the tenacity 
and hardnefs of each piece before it is put into the furnace 
ftiould be afccrtained, in order to find what quantity of cop* 
per or tin lliould be added to make it of a particular quality: 
fome of the new compofition ftiould be fufed and proved to 
know whether it is of a proper tenacity and hardnefs. If ic 
be found that the old metal is unfit for the pur(x>fe, it ftiould 
be abfolutely rejeSed ; or only ufed in caAing ftone mortars* 
Being thus aftured of the goodnefs of the new compofition, 
let the furnace be heated ; as the metal muft ncceftarily 
remain for a longer time in fufion, fuch a calcination may 
take place as to deftroy the proportion between the tin and 
copper (24) ; on which account a quantity of tin ftiould be 
added to make up for what may have been loft : this has always 
been deemed neceflary, and the proportion is fixed at 1 or 2 
in the 100, according to the time that the bronze firft put 
into the furnace remains in fufion. But experience and 
careful obfervation of the fulion of metals will beft enable the^ 
founder to decide ^liat quantity of tin ftiould be added: A' 
bright flame denotes that the tin is in abundance^ a red 
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flame that !t is in fitiall quantity, and a green flame that it 
is almoA diffipated. Before the furnace is opened the com- 
pofition (hould be ftirred ; and if tliere he the leaft reafon 
to be dubious of its quaiity, a little ihould be taken out with 
an iron ladle, and when cold be carefully proved. ' If the 
recaft metal contained any brafs, the zinc will be totally dif- 
fipated (23) ; therefore when brafs (hould form any part of 
the new compofition, a proportion muft be added before the 
furnace is opened, not exceeding (28} half the quantity 
of tin. 

no. The furnace is heated before the copper is put in 
(108) to give it the neceflary degree of heat which it would 
not otherwifc attain ; for if it were put in befote, the part 
of the hearth covered by the copper and the copper itfelf 
would never be properly hot; therefore not to leflcn the 
degree of heat in the furnace or in the metal already fufed, 
fmall quantities are put in at a time, that the liquid matter may 
fpread equally over the whole furface. The brafs and tin are 
put in when the copper is thoroughly fufed, and jufl before 
the furnace is opened, to avoid as much as pofTible the fub- 
limation of the zinc, and the calcination of the tin (2?, 23* 
24) ; they arc then well ftirred, fincc the motion produced 
by the fire is not fufficient to mix ihem thorouglily. 

When old ordnance containing very little tin is to be 
recaft, the founders generally put two or three larG;e guns 
into the furnace, in luch a pofition that they may cover as 
little as poffible of the bafe, and a moderate fire is kept up 
for five hours that the furnace may be v^ell heated before the 
metal begins to fufe. If on the contrar)', the metal to be 
recaft contain much tin, as bell-metal ; the founders know- 
ing that the tin accelerates the fufion (24) put a great quan- 
tity into the furnace before the fire is lighted, taking care fo 
to arrange the pieces that the flame may penetrate between 
them before they melt ; and the heat is kept moJcrate till 
the fulion begins ; this in the language of ilic fouiidcrs is 
called putting them into a bath. 

. III. The calcination of copper and tin may be partly 
repaired by the introduction of phloglftic fubflances, but it is 
not judged expedient to have recourfe to this method in 
large furnaces: the founders contenting themfclves with drop- 
.ping, while the melted matter is running inro the moulds, 
fome undtuous fubftances, as fat, fuet, ^c. to, prevent the 
caicinatipn. 

112. The 
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III. The furnace (hould not be opened (ic8) till the 
metal has acquired a proper degree of heat : for if it be too 
hot when run into the moulds or net hot enoueh to take the 
formy tlie guns will in cither cafe be defedive. Tin being 
a folvent co copper, it would feem that thefe two metals 
(hould form a perfeft mixture when in fuGon without after- 
wards feparating; as is the cafe in the fmall procefles of the 
cheniifts and mctallurgifls : but experience (hews that the 
cifects arc different in the moi e extenfive operations of the 
foundry : fincc in guns the metal is commonly harder at 
tlic breech than at the chafe or muzzle, for ihefe parts being 
n^^arer to the top of the mould contain Icfs tin than the breech 
does. If from metal of the fame quality and liquidity fmall 
and large guns be call ; in the former there will be very 
little difference between the tenacity and hardnefs at the 
brtcch and the other parts ; but in the latter it will be very 
fenfible from the longer fpacc of time that the melted metal 
takes to congeal in a large mould than in a fmall one; 
Whenever the founders negleft to make a perfed and equal 
connection between the different metals, there arc always 
particles of tin found unmixed with the copper, parricular/y 
in large guns ; fomc are feen almoft pure on the outfide of 
the guns in a long ferpentine ridge, others forming fmall 
lumps in tlie copper: the fame circumftance occurs in vents 
that have tun, fome being irregularly enlarged ; while in 
others caft at the fame time, there is no apparent defeft. 
Thefe irregularities proceed in fome guns from cavities con- 
tiguous to the vents i while in other guns no fuch cavi- 
ties are vifible. 

Among the different guns that were examined, there was 
a 4 pr. that had been pradifed with, at Alexandria ; 
in 60 rounds fired from this piece, the vent was enlarged to 
three times the original fize, and a cavity formed fpreading 
from the vent in a ferpentine diredion towards the muzzle 
of about 2 inches in length, | in its greated and 7 in the 
Icaft breadth: the vent bemg enlarged by the chiffel to intro- 
duce a bouch, a ftratum of tin was obferved beginning at 
the exterior furfacc of the piece, and defcending vertically to 
the top of the cylinder ; the chiflel penetrated the tin more 
cafily than the copper that furrounded it. This feparation 
is attributed to the property which the copper has of fettmj 
before the tin j whence the latter remaining fluid for a longer 
(pace of time infipuiites itfelf by its weight between the in- 
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interfTices of the copper, already in part congealed, defcends 
tuwaids the bottom, and lod^cd in .Uj La\'\(s u n.tcs. 

113. 'I hi» circumHancc did not efcape tt.e obfervation 
of our ancellors, and various expedicnis were desiicd iii 
the lait century tor remedyioy: it ; fome thiew a qaantiry of 
tin into the troui^h that conduc red the mehed mat ei tiom 
the furnuce to the mouhl, when they judged that the mould 
was about 4- full ; others thought to prevent it bv the ufe 
of brafs. Some are faid in order fuddeiJy to congeal th^ 
m^tal, to have dra^^n out the iron cores from the mou.'di 
while l:ot, and to have thrown water into the vacant fpace ; 
ouicrk agiin were anxious to form very long and wtighty 
heads, mat the copper bemg ftrongly compreffed while fct- 
ting, ihe tin might not be able to defcend. Experience 
has proved that this lait expedient is the bed; fince in 
pieces ot large caiibre, the difter.nce between the hardneftl 
o: metal at the breecn and muzzle is not very confide: able, 
and iuidiy fcnfible in pieces of fmall calibre. 

114. Gun- metal <s fulible, not only by a great heat, but 
even by a moderate ont, with the affi»lance of folvents. 
It has been already obfvrved that t.n is a folvent of coppcTf 
of whicii it accelerates the fufion y but as the quantity of 
tin cannot be increafed without altering the quality of the 
bionze, this expedieiit can only be ufed (o far as the pro- 
po. lon of ;he in^ircdients will permit. Tartar and nitre 
are ih.* moft poweriul foivcnts ; wSen mixed together in 
equal quantities, tlie ch^mms term the compound a ivhiit 
fiux i w/.en the qua.mty of laitar is double that of the 
lutrs a ///i/r/' JIux. As ihclb two fluxes, efpeciilly the 
former, are very »(Stive, it.uJi care and circumfpedion muft 
b- uoiervwd in u^in; the.n, to avoid the damage that the 
furnace would be exp)lcd 10, from the violent agitation they 
ocjalion. W hen gun-ineial is made extremely hot, it is 
often very f;)ungy and porous, pa tijularly towards the muz- 
zle, lo that when tilled with water, it exudes and oozes 
thrjuzh. Tartar is uied wh n from the ureat rarefaction 
of tne air ariiing fiom extraordinary heat, the fire is rcn- 
dcitd inaaive, und the metal is infuHbc per fr. But if 
fire alone will anfwer, the founders ftir and mix the fuhftances 
well togeti^er before they open the furnace, the melted matter 
tnen rjns into the moulds; and this me- hod has been found 
fa^-ficicnt to rend.r it homogeneous ; for, if fmall quan- 
tities be taken out of the furnace with an iron ladle, while 
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the metal is running into the moulds, at the beginning, 
the middle, and end of the proccfs, the feveral pieces, when. 
cold, will be homogeneous. 

115. If an exceflive heat, whether produced by fire or 
a combination of folvents, be attended with bad effects; 2l 
deficiency in that rerpe6l is not lefs pernicious r for inde- 
pendent of the impcrt'ect mixture, the metal does not fct 
properJy in tlie moulds ; whence proceed the cavities and 
fla*vs frequently obfcrvable on the outfides cf guns after 
proof: ti^cfe can neither be attributed to the intrinlic quality 
of the bronz*, nor the want of proportionable thicknefs, 
but to the defect of heat and mixture ; lince the external* 
flaws do not extend and communicate with the bore : from 
the (ame caufc proceed the afperities vifible on tlie ornaments . 
and bas-reliefs. 

The deficiency, in point of heat, does not always arife 
from too fmall a quantity of wood being ufcd to heat the 
furnace, fincc with the fame quantity it t«kes fometimes 
36 or even 48 hours, to effeft what at other times 16 or 18 
arc fufficicnt to do. This can only be accounted for from 
a want of elafticity in the atmofpherc, whicii prevents the 
wood from burning with proper aSlivity ; or from the neg- 
IcS of the workmen in removing the cinders, which partly 
flops the reverberation of the flame ; thus the fire not being 
fo intenfe, it is longer before the metal acquires the proper 
degree of fiifion. 

116. There are fome accidents which bafile the utmoft 
caution, as they proceed from variations in the flate of the 
atmofphere. If the melted matter while running into the 
mould be expofed to a cold wind, it may be fuddenly con- 
gealed, whicU will prevent a due tenacity in the particles when 
folid. After the mould has been heated, if the atmofphere 
become fuddenly loaded with vapour, the mould will im- 
bibe humidity ; and tlie melted metal vsill extract the moif- 
ture, which rufhing out and bubbling vehemently, will dif- 
turb its fetting. On the contrary, when the mould is per- 
fectly dry, repeated experience proves that the metal on 
running into a hot recipient, fets better, and becomes more 
tenacious and denfc, but Icfs hard than when the recipient 
is cold. 

117. Since cavities proceed from the fpunginefs of the 
copper, or from the coldncfs and moillure of the atmofpherc 
or mould s tliey are found in all parts of the gun indifcri- 
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tninately, and can neither be avoided or difcovered Word 
the proof, particularly if the quantity of tin be fmall : but 
if it be large, as in bell-metal, thefe cavities are feldom feen, 
tmlefs the metal be run into the moulds before it is fulfil 
ciently liquid. If the proportion of tin in gun-metal be i6 
in the lOo, the heads vei'y long and thick, and the furnace 
not opened till the metal is properly fufed and mixed, there 
^ill (eldom be any cavities large enough to zSc& the fervice 
of the piece. 

As no rule has yet been laid down for afcertaining the 
ibfolute degree of heat, founders muft depend on their own 
obfervation ; and though they may fometimes be deceived 
(107) yet a competent (hare of knowledge derived from ex- 
perience will enable them to judge with tolerable accuracy 
v^hen the fumaces are properly heated. 

118. From the preceding obfervations on gun-metal and 
the method of c^ifting anillery, we may conclude : 

1. That the metal mud have certain phyfical quali- 
ties to enable the guns to reiift the forces that tend to 
deflrov them. 

2. That great art is requifite in reducing the metals 
to a proptr degree of liquefadlion. 

It refls with the officers of artillery appointed to fix tht 
proper proportion for the different natures of guns that are 
to be caft, to afccnaiii the phyfical properties of the gun- 
mctat ; It depends on the founders to flux the metals, and 
form the moulds in fo nice and accurate a manner, that the 
principles laid down by the artillery officers may be punc- 
tually adhered to. From a want of attention to thcfe dif- 
tinvStions, it has frequently happened that every thing being 
left to the mechanics^ they, either through ignorance of the 
abfolute neccffity of having pr.rticular properties in the metal 
6r of the means of procuring them, formed the mixture 
■without the leaft judgment; whence arifes the great difference 
fometimes found in guns call by the fame founders after the 
fame modeh 
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Of the V£nts of Guks. 

tig. X H E poGtion of the vent contributes alfo to mo- 
dify the inflammation and cxpiofion of the charge. (Pi. 3, 
tig 8) If in the gun ABM the vent QJ* correfpond to halt 
AN of the charge, it wilJ be the moA advantageous pofi- 
tion for obtaining the ^reated force firom the given quantity 
of powder ; but then the motion of the breech, tHough of 
the proper weight (84) will be fo violent, as to re- dtr the 
firing totally irregular, and of courfc the fire-arm ufelefs. 
The vent mould be placed at A C correfpooding to the bot- 
tom of the bore, which will obviate the ill confequnces 
attending the former pofition ; and if the bottom of the bove 
inftead .of being hemi-fphericaJ be plane, the charge will be 
brought nearer to the vent^ more powder wilJ take fire, and 
the expIoHon be more violent, without caufiog fuch an ine- 
guJar motion in the breech. 

I20. Chambers in guns are liable to great inconveniences 
from the alteration of their figure, as happened at the expe- 
riments with the Sarcophagus (36). 1 his gun had at the 
bottom of the bore a fmall cylindric chamber A B C D 
(PI. 3, Fig. 9) of which the diameter A C was i~ inch and 
the length A B 2 inches, the communication F to the vent 
FG was diftant from A lA : the part F ■ v of the vent 
made in the gun itfelf was in length 3-v, the remainder 
G N was filled with an iron fcr^w H L Al K 2 V in Itr.ph^ 
which had been well worked and tempered. After 500 
rounds the metal was much corroded at F, and round the 
orifice AC of the chamber ; and the upper part P A B F 
was confiderably damaged towards N. This increaied very 
much in the next 300 rounds ; the clefts extending towarcls 
N were i J inch in length ; the pricked line Ci.<^Q^(hewf 
the alteration that took place in the fi^re of the chamber. 
The part N G of the vent formed by the iron fcrew was regu- 
larly enlarged to nearly twice the original diameter: but by the 
aflifhmce of this bouch the piece might yet have been fitrqumtly 
fired, without apprehending any great increafe in the fize of the 
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vent; Its pofidon was not at all altered. This fingle experi- 
ment fliews the neceflity of fupprefling the ufe of fmali cham- 
bers in guns. 

121. Several obfervations and experiments might be ad- 
duced to prove that when the bottom of the vent correfponds 
with the upper part of the bore, it is a long time before it 
changes its form ; and that if the metal be conoded, it is 
cnly round the lower orifice. 

122. It has been obferved (4) that the vents of guns run 
fboner as the proportion of tin is the greater -, and in the fccond 
chapter the neceflity of having a hard metal to prevent cavi- 
ties being formed in the bore was infided on ^ but this con- 
dition can only be obtained by incrcaHng the quantity of tin, 
and thereby rendering the vent liable to run after a very little 
firing ; and it is well known that when the vent is much 
enlarged, there muft be great irregularity and a confiderabic 
diminution of force in the difcharge : it is ncccflary therefore 
to form the vent of fome more refining metal, which when 
enlarged may be eafily taken out and replaced ; the bed expe« 
dient hitherto devifed, is to infcrt into every gun previous to 
(ts being carried on fervice, a fcrew bouch which may be 
replaced at pleafure. 

123. From fatisfadiory experiments made on the refifbincc 
of fiiiiple and compound metals with a view to determine 
which is the bcft for bouching guns, it is in genera! found 
that- their refiftance is in proporrion to the clifFicuity of fuCing 
them in the crucible. 'I'he following metais wore proved 
wiih the m 'chine dcfcribed in the I reatife on l^owder 
(139) and found to decreafe in rcfiftance from the firft to 
the laft. 

1. Forged iron well worked and welded with the 
hammer. 

2. Iron of the fecond fmelting, 

3. Pure copper. 

4. German brafs. 

5. Gun- metal containing ^ of tin. 

6. Afl!ayed gold. 

7. A flayed 111 ver. 

8. Lead. 
^. Tin. 

Of thefe metals the three firft are leaft corroded by the 
li&ion of powder ; but forged iron is the only one that can 
be depended on for making fcrew bouches (122). Gun- 
metal 
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tnetal containing fin in the ratio of 1 6 to 17 in the too cor* 
rodes more eafil) than afla\cd gold; but at 4 to 5 in the 100 
it relifts more than German brjis; for <<ihich reafcn, as was 
before remarked, fort gun -metal was for a ion 2 time in 
great credit. But thcfc reiiilances are irer !y re^aii\e and 
can oiK apphf to determined Circuniitanccs ; for ift'-^c qualitj 
or quantit) or iht po^dtr be altered, the v.ads rammed with 
mere force, or the piece much hea;cd by frtqu;:rir fi-irig, the 
meial will be the fooncr corroded and the veni en!irg*:d^ 

124. The tir:\ method adopted fbf repairing the ven s of 
guns that had run, ^as the application of a bouc : after., ard 
in ho;>es c f tot .liy pr ven:ing or at ieafl der erring this accident, 
they put into the mould a piece of o^ppcr or iron at the place 
l^here the vtm wuuld le: thiN expedient was foon aft»n- 
doned, oti findmg that the liquid me^al on coming in coo* 
tzA "with a cold body, bubbled a.id formed canities con- 
tiguous to the vent : and one ot the four following methods 
vras univeHally adopted. 

The firft confiilcd in enlarging the vent A B C D (PI. 3, 
Fig. 10) wSen damaged to^ardb the middle FG and filling 
Up the cavity with gun-metal; the metal when coid was 
perforated to form a r.cw vent. 

The fecond mtt"od differed from the firfl, only In filling 
the cavity wi h pure copper. 

In the third method, the vent A B C D (PI. 4, Fig. 1 1) 
was enlarged as tiefore, and an iron bouch P applied with 
the projecrion Q,^; melted metal was th^n poured ir.to 
L M which when coid held the bouch P very firmly ; after* 
ward a new vent H K was drilled. 

(PI. 4, Fig 12) The f. urth method was tocnlarge the vent 
very confiderably in form of a troncatcd cone A .\I K E, the 
fides of which (^R D B L L ferxed as a female fcrrw to receive 
an iron bouch; in the axis of which was drilled a new vent 
F G. Thcfc different mehods of repairing the vcnrs of gi:ns 
may be applied according to the damage that the piece has fuf- 
tained but are not equally good. In rh: firit methv d x] t 
vent may run a fecond tin-.e, if ttwre be too much tin in the 
metal By the fecond, the ven' is Itfs liable to corrode; 
but the copper from its great duiiifity may fpread and 
lengtheft, and being detached from the fides of the cavity, 
the whole bouch, may be blown into the air. The thi^d 
method is preferable to the two former, fince the bouch 
^ves aioic lefiAance, and is lefs liable to^the above accidents. 

lo 
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In the fourth, it requires more labour to prepare the cavity | 
but a fre(h fcrew may be infertcd when the firfl is corroded. 
The old method of uling fcrew bouches was very imperfcdj 
iSnce they were obliged to vary the diameter in each gun in 
proportion to the degree of corrofion. 

125* 'n order to derive every pofTible advantage from 
fcrew bouches, and render tneir ufe more funplc, expeditious, 
and genetal, the following precautions fliould be obferved. 

1. To apply during the time of peace to all guns, 
particularly to battering cannon, a fcrew bouch of Iron 
in one of the two methods exprcfled in figure 1 2 and 
13; they Hiould be formed on the fame model for all 
pieces of the fame calibre, that there may be always a 
quantity in flore. 

2. The head cf each bouch (hould be fo formed that 
it may be eafily fcrcwed and unfcrewed y and of fuch a 
kngin, that the bottom may exactly correfpond with 
the upper part of the cylinder. 

3. Not to diminiOi the metal at the breech too much, 

DO 
the diameter of the bouch fhould be lefs than — ^j and 

2 

to prevent the neceflity of frequently replacing it, its 

diameter (hould not be lefs than — -f: 

4 

4. The vent (hould (119) correfpond with tlie bot- 
tom of the bore, which fliould be a plane figure, 'f thefc 
operations be executed with exa£inels and prccifion by 
ikilful workmen, the refinance will be fully fufficicnt ; 
and there will be no danger of the flames palling among 
the fpirals to damage and corrode them. 

126. The rcfiftance of the fcrew bouch may be eafily af- 
certained : (PI. 4, Fig. 12) fmcc before it can yield to the 
adion of the powder, it muft be driven forcibly out of the 
female fcrew and be feparated from its fpirals j or it muft 
break off and carry away with it the fpirals of the other 
fcrew, which would leave a vacuum N B D Q^; or it muft 
break the fpirals of both. Now as the tenacity of iron far 
cxcfcds that of gun-metal, the fpirals of the female fcrew muft 
firft yield to thole of the bouch j and if the circumference of 
a fpiral anfwering to the diameter B D be called -- C and its 
length DQ^-my cm will be the fcdtion of the fradure; this 

fedtiou 
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fe£lion multiplied into y = thc tenacity of the metal will give 
cm q for the refinance of the female fcrcw. The formula 9962 
n J, expreiles the prefllireof theeiaftic fluid againil a fuper^cies 
= S. 'ihen if half the diameter B D^r, and its circumference 

=C, S = — will be the fuperficies of the circle, againft 
2 

which the eladic fluid ads in the direction F G } then 9962 

nx — , will exprefs the force with which the powder ads 
2 

againfl the bafe of the bouch. For example, if under cir- 
cumAanccs the leaft favourable to the i efiftance of the bouch^ 

r = — , 71= 1200 (33} and the metal of a lefs tenacious qua- 

4 
lity be heated as much as it can be on fervxce, wf = 7358758 
(35) ^^^ refiftance of the bouch. Now fuppoGngm=i % 
then 4981 nr='. 4981 x i, 200 x ^ = 1444300 for the adion 
of the powder againfl the bafe of the bouch : thus the refift- 
ance of tlie female fcrew will be more than five times the 
force that tends to drive the bouch from its place ; an equi- 
librium between the propelling and reiifling powers will be 
then fully eftabliftied, if only part of the bouch QJl=y of 
D Q^be fpirated. 

127. When the bafe of the bouch correfponds with the 
upper part of the bore, the adion of the powder againft it is 
as the preflbre : but when the bouch only reaches to L R, 
and leaves the vacuum D L R B, then the elaihc fluid a£is 
againfl it with fo much the greater force, as L R is diflant 
from the upper part of the bore ; and greatly exceeds the 
l^reflTure that it would exert againft the bafe, were the bouch 
iif the former fituation. The rtfle£)ions in the 2**** chapter 
on the orbicular cavities formed in the bores of guns cafl of 
foft metal, by the impulfion of the elaflic fluid, will convey a 
jufl idea of this force. 

128. To fliorten the operatiou of making the fcrews, 
and at the fame time to obtain a reiiflance (uperior to the 
force of the powder, the bouch may be made in the follow- 
ing or any fimilar manner. (PI. 4, Fig. 13) Let it be fpi* 
rated only from P to L; let P L be about f of F G and t':e 
remainder L F be in a form of a troncated cone H K N H, 
Ihe diameter H H being lefs than B D, to form a ledge 
S H H D, upon which may be placed a thin circular plate of 

dudile 
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du£tile metal, as pure copper; fo that when P L is (trongij^ 
fcrewed down, the plate may fpread and fill up the fpacQ 
between P L and H F fo exadlly, that none of tf»e elailic 
fluid may be able o penetrate among the fpirais. The for- 
mula (126) v^ill fcrve to compare the refinance with the 
force of the powder, that acts againft the baf-i K N of the 
boueh: 4981 nrc exprefTes tiie force of the |X}wder, cmq 

KN 

the refiftance of the bouch ; put in the place of r and 

2 

the circumference correfponding to the diameter K N in the 
place of c» If, the circumference -c correfpond to the dia^ 
ipetor B D of the fpirals, then in the fecond formula put the 
length L P in the room of m j and fince circumferences arc 
proportional to their diamet^^rs, thefe may be fubdituted and 

the foi'mulas will be 2460 «xKN*, BDxLPxQ^, 

129. The refinance of bouches made on this principle 
havje'been found more than fufficient in pra^ice. T)q$, 
experiments made in 177 1 prove the goodnefs of the bouchci^ 
(Fig. 9 and 13) their refinance is amply fufficient, an4 
iivhen damaged they may be eafily taken out and replaced 
(127). The bouch (120) was neither moved or corroded 
in the 800 rounds fired from the Sarcophugus\ and the faqic 
was the refult of the experiment (34) with a bouch (Kig. 13), 
When the bouches were taken out, neither the male nor 
female fcre^vs were in the Ical^ altered, nor had the claftic 
fluid or the water which remained in tlie gun for 5 hours 
pafled the ledge WD. In the gun called the PaphoSy which 
in 177 1 was iiied in the fame manner as the Invincib e (34) 
with a bouch (Fig. 13), the fame efreds were obfcrved. 
The operation of taking out and rep'acing the bouches takes 
up but a few minutes j it may be performed upon the battc* 
ries without difmounting the guns. 
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CHAP. IX. 

Of the Examination and Proof of n£W Guns. 

130. X T was obferved in the j^ chapter, that fuccefii 
in cafting guns does not entirely depend on the (kill and 
ability of the founders, iince it is greatly fubjed to cafualties. 
The King's fervice requiring that, befide the precaution! 
taken at the time of cafting, the greated attention be after* 
vards paid to deted any negligence or error; every gua 
before it is ufed fliould be fcrupuloufly examined and fub- 
je£ied to various proofs, in order to be certain that the founder 
has adhered to the inftructions he received.— -The obje£l of 
tfaefc examinations and proofs is to afcertain : 

1. Whether the guns are conftruded on the propor* 
tioQS ^ven to the founder. 

2. Whether before the metal was run into the 
moulds, the necelTary precautions had been taken to 
avoid ail ieparations between the metallic particles ca« 
pable of' producing an unequal refifhnce. 

3. VV hether the tenacity of the metal is proportional 
to the thicknelTes of the piece; and its hardnefs fufEcient 
to prevent orbicular cavities from being formed on firing 
very large charges. 

131. To know whether a gun be properly conitrucied, 
tvo inflruments are ufed : the firft ferves to (hew whether 
the piece has been truly bored, and the thickneiles of metal 
properly diAributed ; by means of the fecond, the exact 
ft^ure of the bore is traced upon the tiru, whereby the lead 
flaw or deviation from the cviindrical figure is difcovered 
and afcertairicd. A niirrar is afterwards ufed to difcover by 
^reflection of the folar i^ys, what cavities, inequalities or 
other dcfcAM there may be ; and with the little iron inilru- 
incnt called tbcfearcbgr^ iheu de^iths and diameterft are mea- 
Aired. 

132. To know whether there be in any part fuch a fepa^ 
ntion of the metallic particles, as to per.ctrate from the 
exrerior furfaoe to the interior cylinder, ti:e ? jn is ii\lc6 with 
Vater and pUoBd wiih the breech downvbards to increafe its 

force 
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fiMce-tncI fljiake it nKm eaifily fab between any iDtaflioes ef 
ihe n^etal i it is further premd with a hi|h fpunge i and k 
diia fitmtiaQ the guit i$ left -Ibr three or tour Houn. Thh 
proof (hoold never be^inade when the water can freeze. 

133. If during theTe examinations (131, 132) any defeAs 
loAiaeot f0«ciakb the (hot ftHlDt aninft the fides of the gyl^ 
€r any holes in the chsrg^g cylinder or bore be difcovend 1 
if die axis be not exa^ in tiie center^ the trunnions pr6- 
feriy placed otaay oftaiog or cavities thniiu;h which water 
'4liBflBCSi inawonl^ if the pieoe have any defeos that can raw 
4nr'lt unfiervkeaUe or ^dai^^erous, or that can tend torn* 
#ent the <boC ffom Iseing thrown in a true diredioo, and 991 
jbfc ra»edv can be mf^tA\ the gun fliould be witfanut hi4* 
flKion fSfefied* 

- »4^ When no liidi defisfis are diicovered, th6 ^oihtf 
proofii for aibertaiBiBg with the greater certainty the naMe 
«frthe caftitt^attd the ipdidea of the metal inay be prooeedfei 
t»» ,To t^ cdd^' a vw rounds Ihould be fired in fiidNK 
nmneri iImi^ any ^efbAs may be difcovered as fiilly aa thlf 
woulid l)e, after a long continued firing with the oidinvy 
cfaaiigpi«of powder* 

o t3S* Todetermhie tiie proper quantity of powder for pior«. 
inK guns» it i^ neoeflEuy to advert to the circomAances that mo* 
dity its force, from the beginning of the inflammation at the 
bottom of the bore, till the ignited fluid reaches the mouth 
of the piece ; thefe modifications have been enlarged on ia 
the Treatife on Powder, and may fummariiy be reduced to 
the following : 

I. The prefltot of the cbflic fluid in the charging 
cylinder does not depend on the quantity of powder, 
provided that it be equally well colleded \ but on the 
refiflance oppofed to its explofion towards the mouth of 
the piece : and the other ordinates of the fcale of pref- 
fures increafe in proportion to the greater quantity of 
powder that is fired in the piece. 

a. On comparing two equal charges of powder of 
diflferent qualities to which an equal refiflance of (hot 
and wads is oppofed, the prefTures, excepting the firft 
by which the (hot is put in nlotion, are greater in pro* 
portioii as the powder is flronger : the difference be- 
tween the correfponding ordinates proceeds from the 
greater quantity of fluid produced in equal times, in 
two powders oif diflferent qualities | whence it refoltSt 

that 
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that the elafticity of the fluid in the charging cyHnder is 
greater in the ftrongeft powder, though the preflure by 
which the (hot is firft put in motion be equal in botl^ 
charges. 

3. The refiftance to the explofion of the powder 
toward the mouth of the piece, is compounded of th« 
weight and friction of the (hot and wads ; the re(i(bnce 
from fridion ceafes as foon as the (hot and wads are in 
motion ; but the refinance from the weight of thp (hot 
exifts during the whole length of the piece, and is 
greater as the elevation at which the gun is laid is 
higher > this, redllance may be calculated in the ratio of 
tiie right fines of the angles of elevation. 

4. The fluid generated at the bottom of the bore on 
Hriking the (hot is rcfleded laterally againft the fides of 
the gun with fo much the more force, as the charge 
occupies a greater fpace, or as all the powder is more 
inftantaneoufly inflamed : whence proceed orbicular cavi-> 
tics, whenever tlie hardnefs of metal is not fuflicient to 
refirt tlie impulfion, 

J 36. From the preceding remarks we may infer that j 

I. The proof charge ihould never occupy lefs (pace 

in the bore th^n the largert fervice charge. 

2^ The gun (hould be laid at a higher elevation than 

when mounted on its carriage, 

3. The powder (hould be ftronger than what is gcne-^ 
rally ufed, its quantity combined with the greateft re- 
fiflance of the (hot and wads, and proportioned to the 
largeft fervice charge, in the ratio of the metal when 
cold, to the metal heated fo as to fire powder (35). 

4. If a (liot made of a foft metal as lead, tin, &c. 
by any irregular movement proceeding from the flrength 
of the charge flrike againfl the fides of the gun, it fhould 
be unable to make the leafl imprefTion. 

137. The defeds of a gun loaded in this manner will be 
; iiiily difcovered in a ft;w rounds as with a great number 
td in the common mode ; nor will there be the leaft rea- 
n to be apprehenfive of bur(ting the gun, if it has been 
[ft in the manner, and with the proportions already pre- 
ribed. When the guns have been thus fired, they ihould 
t again fubjedcd to the water proof and re-examined : and 

any flaw that may prove detrimental to the fervice can be 
ifcovered (133) they ought to be rejeiled. 

L 138. There 
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138. There may be fome defects fo flight as not to merit 
attention; while there are others that muft be prejudicial, 
according to their nature and extent ; as the eccentricity of the 
bore, the number, depth and fituation of the flaws or cavi- 
ties, the wrong polition of the vent, or a failure in other 
points previoufly concerted with the contractor. As, on the 
one hand, nothing fliould induce officers to receive guns 
that cannot be depended on ; fo, on the other, tb.cy (hould 
not be over fcrupulous in their examination, left the foun- 
ders under pretence of the minute (lri£lnefs of the fcrutiny 
enhance their price. 

139. Iron guns fliould be fubjefted to the fame proof and 
examination : but as the hardnefs of the metal is afcertained, 
there will be no reafon to apprehend any orbicular cavities 
being formed in the charging cylinder, or any imprefllons 
mack by the (hot in the bore. If properly cafl of metal of a 
good quality, they may be proved with iron fliot without 
fear of damaging or hurting them ; the quantity of powder 
fhould be determined by the thicknefs of metal, agreeably to 
the rules laid down in the 6'*^ chapter. 

140. The fame precautions and care (hould be taken in 
proving and examining mortars : but any little hollows or 
flaws in the chafe may be difregarded, unlefs from their num- 
ber and proximity, there be reafon to apprehend an eflential 
defect in the interior of the metal. 



SECOND PART. 



Of Projectiles. 

14T. X HERE are two general methods of annoying 
an enemy : with miflile weapons ; or with pointed and cut- 
ting inftruments. Under the firft head, the ancients made 
ufe of the balijfa and catapulta^ for throwing large ftones and 
arrows to great diltances ; and oi Jlings an'i bows for thix)w- 
ing them to fliorter diftances. 

The 
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The invention of tho powder gave rife to the cafling of 
guns and mortars; which project iron ihot and (hells of 
different (izes to very gieat diitances, for the deftrg«S^ion of 
men, and the demolition of fortifications and buildings. 
The non-commiffioned officers and foldiers of artillery per- 
form the operations requifite for producing thefe effefls. 
The theoretical part of the profeffion conlifts in certain 
principles and rules, with which the officers ought to be 
fully acquainted : as from mere pra<fiical knowledge they can 
never hope to be dilhnguiihed ; nor can their country reat> 
from their exertions the advantages expeded from a corpi, 
purpofely fet apart in all armies for this particular fervice. 

Our anceftors feeling the neceffity of regulating thdr 
pradice by fixed principles, were foon convinced, that, to 
expertnefs and adroitnefs in the mechanical parrs, it behor 
vcd them to join a juft theory ; that from a knowledge of 
caufes they might be enabled to account for eflre£h, and 
condu6i their e}(periments withoqt the confufion and abfur- 
dity inevitably attendant on an erroneous fyftem. 

If it hath not already been fufficiently proved, that an 
artiilerift (hould be converfant in phyfics and mechanics ; the 
fecond part of this work will clearly demonftrate, that unaf- 
(ifted by fcience, he never can enfure facility and oeccnomy 
in execution, which is the moil certain and ready method 
of obtaining vidory, the folc objedl of military operations. 

142. To this end, each /hot Jhould Jirike the obje£f in thg 
manner that will produce the beji effeCl that circumftances 
admit of\ or in other words, the projeSlile Jhould produce 
the greateji effe£f pojjihle in any particular cafe. The offi- 
cer then, who commands a battery, (hould examine the 
calibre, fha; e and dimenfions of the artillery; the qualities 
and proportions of the powder : the caufes that may modify 
in any conflderable degree the initial velocity of the pro- 
jectile i the reGUance of the air to its movement ; it's nature 
and form : the quality and fize of the objects againft which 
the fire is to be direded ; their relative and abfolute (ituation : 
the pofition of the enemy's troops ; and the nature of the 
ground. Each of thefe circumdances merit a particplar i\U 
ci/(non. 
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CHAP. I. 



Or THE Initial Velocity or Projectiles. 

143. X H E iniiial velocity of (hot and (hells mud be in* 
difpenfably known, before the problems in projc£iitcs can be 
folved : but a$ it may be much divcr(ified by the quantity 
and quality of the powder, the force ufed in rammhig the 
vrads, the elevation of the guns, and the length of the bore^ 
St is neceflary to treat all thefe circumflances more in detail: 
the po.vder will be fuppofed to be the fine war- powder in a 
good (late of prefervarion. 

' J. The largeft fervice charges for heavy guns, arc 
equal to \ of the weight of the (hot in 32 and 16 prs. 
and to -I- in 8 and 4 prs. Thefe charges are only ufed 
on particular occaiions ; the wads are well rammed, that 
the powder being clofcly collected at the bottom of the 
bore, may all take tire in the piece ; and that the in- 
flammation of each grain being as inftantaneous as 
polTible, the (hot may have the grea.eft initial velocity. 

2. The medium charges are ? of the weight of the 
fliot in 32 and 16 prs. and { of its weight in 8 and 4 
prs. Thefe charges are coiTimonly ufed in fieges, for 
demolifhlrg works, difmounting the enemies artillery, 
or enfilading troops; two gunners give five llrokes 
of the rammer to the wad over the powder, and three 
to that over the fhot. 

3. Tlic fmallcr charges are equal to ] ; and the leaft 
to i of the medium charge. I'hefe are only ufed in 
particular cafe?, which will be hereafter pointed out ; 
and are *tlways fuppofcd to be wadded in the fame man- 
ner as the medium charges, m order to compare the 
initial velocities of fliot, impelled by different quantities 
of powder. 

4. As the difference in the diameter and weight of 
Jlu)t caufes a great difference in the initial velocity, the 
ihot are fuppofed to be of the diameter and weight, and 
t!ie guns of the calibre prefcribed by the king's older, 
uud cart agreeably to the proportions laid down in the 
i\n\ purt of this work. Shot muJc, as ciireclcd in the 

(irft 
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fifO book of artillery, have been found adequate to every 
purpofe ; nor can their furracc be more polifhed, or 
their fii^ures more perfeS, without incurring an exor- 
bitant and unneceflary expence. 

144. The initial velocities of (hot are determined from 
jcpenments made with (kill and difcenunent, and c^nduSed 
rith care and circumfpccbon : before we proceed to the mc- 
ioi\ of determining them, it will be neceflary to mention 
ie principles ad lered to in carrying on the experiments. 

1. The piece was always loaded in the fame manner, 
and placed exa£lly in the fame poiition, leA.the refult 
might be erroneous. 

2. Since effects are always proportioned to their 
caufes, when any remarkable ditferencearifes in the courfe 
of the experiment, it (hould excite no amazement; 
as it muQ proceed from negligence or accident. Some 
practitioners take the mean refiilt of all experiments, 
but conclufions . drawn from ihence mud be faulty. 

3. In fpite of the utmofl precaution, there will be 
fometimes a flight difference, proceeding from «hc man<«> 
ner of placing or wadding the powder, &c. 

If the variations be not very great, a few more rounds 
may be fired j but the mean rcfult only of thofe taken 
that approach ncareft to each other : this may then be 
confidered as the ablolute refult. If, for example, the 
queftion be concerning the length of ranges ; the mean 
only of thofe (hould be taken, whofe diflPerences do not 
exceed 2 in the 100, and no regard paid to the others. 
But, (hould the ranges vary confiderably, it will then 
be neccfTary to examine carefully every part of the 
procefs, to difcover the caufe of the variations, and be 
enabled to make frefti experiments in a more exa<5t 
manner. 

145. There are three methods of determining the initial 
cjociiy of (hot : 

1. By meafuring their penetrations into a homoge- 
neous butt of a known con(iflency. 

2. By analyfing and rcfolving into its fimple move- 
ments, the curve defcribed by 3ie projedtile on quilting 
the piece. 

3. By deducing it from the thicknefs of metal of the 
fire-arm, when it is in cquilibrio with the preflTures of 
the claftic fluid, in every pQxnt of its length. The 

L 3 thir4 
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third fnethod is applicable to fufils and pieces of very 
fm^ir calibre ; but not to guns of large calibre, fireJ 
\Yit^ the commoa charges of powder : becaufe in the 
latter, the initial velocities are compounded of the im- 
pulfion and preiTure, as has been explained in the firfl 
l^rt. 
I46. The initial velocities are found very nearly by the 
firft OMUbod (i45« No. i.) if the butt be perfedly homo- 
geneous and confiHent. To determine its confiftence, fire 
a piece of fmall calibre, with an iron (hot i inch in diameter 
^> D: and mealure the initial velocity = 1/ = 1200 feet, (Trea- 
tife on Powder 164, 165). Then the piece being loaded 
and fired as before, the penetration of this Hiot into the butt 
will be 15 inchests ; and fubftituting thefe data in the 
formula /S = D U * 5 we (hall have /x|^=-i^x 1200 * ; 
then / = 96000 for the confiflence of thr butt : let it be 
written in the formula, which then becomes 96000 S = D U *. 
Place the gun, the velocity of whofe .(hot is fought, very 
near the butt, and fire 'ome rounds in a horizontal direc- 
tion, in order to obtain the mean := S of the penetrations of 
the ihot ; fuppofe it-- 8 feet, and the diameter D of the 
ftiot =: 4 inches > then by fubdiiuting thefe data in the for- 



/c)booox 8 X 12 



mula, 06000 X 8=A U- ; hence U 

4 

1517 feet, the initial velocity fought. In thefe experiments, 

the penetrations Ihould he ai fuch a dlRiiicc from each other, 

th^r rhc loofening of the earth by the hrft (hot, may not 

facilitate tat entrance of the others ; the ieaft differet^e will 

be then perceptible, fince the penetrations of the fame (l)ot 

are as the fquares of the initial velociiies. 

147. To leterminc 'he initial velocities, by analyfing the 
curve (145, No. 2); lei us lake the hrft part o^ the curve, 
where the effect of gravity has not been fenfibly altered 
by the fcfiitance of the air. it is a matter of indifference, 
whet^ier the !pncc that the (hot paf:» through by the gravi- 
tatne or impelling po ver, be firjl confidcred ; fince the latter 
may b* deduced with equal facility from the former, as the 
formei from the la^rer. Let us in the fir(\ place examine 
i!:^ rpace pafTcd through by the power of j;ravity. 

^; ' ^ Fig. 14.) Let the gun A B, mounted on its car- 
riage, bw [ . ^.d jn an even and folid platform, and laid in a 
horizontal dircdion A C ; io that the (hot at the firft graze 

may 
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may touch the eanh in the point G of the horizontal line 
D F : tbe vertical diftance K G between the two pjbnes^ 
exprefles the rpace = S palled through by the gravitating 
power, and the horizontal line DG=:AK expreiTes the 
• length of the range, or tlie fpace = q pafled through in the 
fame time by the impelling power. IF the known value 

K G be fubftitutcd in the formula S= ^^' ^^^\ it wiH pye 



Akg 

time/=:\/^-. 



with great precifion the time/=:\/ -, in which the 

32. 18 

(hot is driven from A to K by the impelling power. Hav- 
ing fired feveral rounds, and meafured the length D G of 
the ranges, take the mean = j (i44> No, 3); andconfider- 
ing this fpace as uniformly pafled through, eftablifh the 
foUoyving propbrtionj the time=:/, is to the fpace pafled 

through :s^ 9 as one fecond, is to the fpace = i>; which the 

(hot would move through in one fecond, if there were no re* 
fiftance from the air j this fpace is termed the initial velo* 

city. For example, K G=4. feet, then /=v ^=i 

' 32. 18 

fecond; andfuppofe AK = 700 feet, then-=— 




2-^= 1400 feet, the initial velocity fought. The initial ve- 

locity thus found, is not abfolutely juft, fince the fliot, from 
the moment of quitting the piece till it touch the ground at 
G, has been retarded by the refiflance of the air. if from 
the nature of the ground, where the experiment is made, 
the vertical line K G be (hortened, the initial velocity will 
be greater, and approach nearer the truth. 

148. To determine the length of the movement of im- 
pulfion A M, in order to deduce from it the fpace pafled 
through by gravity ; place vertically in M a butt L M N, 
lay the gun in a horizontal direSion, or nearly fo, and at M 
where the line of dirc<3ion cuts the butt, draw tranfverfely a 

L 4 horizontal 
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lifif. Fire fomeOipt into the butt at tielvryil 
pMSbte 4il tht fiime. direfiiof^ ib that after 'each round the 
Mnkat diAaiice M H between the horisontal line marked 
to the butt, and thebde H made bdow it by die fbot) 
inky be exaSIy meafored : take the mean M HszS (1441 

No. a and Aibflitute it in the formula /= ^^ — -* & then 

by meafuring the diftance DL=AM= j, it will give the 
mce pa^ed through in the fame time by the movemem of 
& j>QUnm ; and confidering this fpace^ as uniformly ptftd 

M ^ LI 

through^ ^ will be the initial velocity feo|^ 

{147). . For example,, let A M=200 feet,' M H=6 iochq^ 



ioo 



^=4 Of a fecond, and V<lM»^- 
3^-i8 *" . - 32.18 



= 1200 the velodty fought. The nearer the piece ii 

brought to the butf, the fliortcr will be the time, and of 
courfe fo much nearer to reality will be the initial velocity. 

X49« Thefe methods of determining tlie initial velocity 
may be applied to guns of all lengths and calibres. The 
velocities may be compared together when the experiments 
have been made under a conftant ftate of the atmofphere ; 
hut as its frequent changes affect the explofion of the pow* 
der, the following rules (hould be obferved : 

1. To make the experiments under a mean flatc of 
the atmofphere both with re^pe^5t to heat and moifture ; 
as th^ inflammation and explofion of the powder are 
then much more uniform. 

2. In order to know if the variation of the atmo- 
fphere be the caufe of any alteration that may occur, 
feme rounds fhould be fired from time to time from a 
gun of fmalier calibre of a known initial velocity, as a 
wall-pitce, placed very clofc to a butt perfc£Uy homo-^ 
genous, to afcertain whether the penetrations be r^ular. 

3. If the refults be coiiflant, it will be a proof that 
ihe procefs has been juft in every particular, and that 

ihe 
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the ftatc of the atmofphere has not varied. * Any irre- 
gularity found in the refults from the gun alone^ will 
denote that fome neceflary precaution has been neg- 
lefted : but if the refuhs from both pieces are irregular, 
it will be proper to defer the profecution of the expe- 
riments till another day, when the atmofphere is more 
fettled : in the mean time the utmod attention fliould 
be paid to rediify any error in the apparatus, or in the 
mode of condu6tin/ the experiments. 

4. If any interval of time be fuffered to elapfe be- 
tween the commencement and the profecution of the 
experiments, and there be a difference in the initial 
velocity of the wall-piece, it will be proper to fire /ome 
. rounds from the gun, in order to compare it with 
the preceding experiments. For exaaiple; if in the 
morning the initial velocity of a 32 pr. be 1 383 feet, and 
that of the wall-piece 1696 feet ; and in the afternoon 
the initial velocity of a 16 pr. be 1424 feet, while that 
of the wall- piece be only 1600; a few rourfds (hould 
be fired from the 32 pr. the initial velocity of which 
muft be neceffarily lefs than it was in the morning ; 
fijppofe it to be 131 5 feet: the following proportion 

willbe formed, 1315: 1383:: 1424: — -^-- —-^=1498 

which would be the initial velocity of the 16 pr. if the 
atmofphere were in the fame ftaie as in the morning. 
By this mode of operation, experiments made at any 
interval of time, at different fealons, and under differj^t 
ftates of the atmofphere, may be compared together 
with fufficient accuracy; 
150. If under a mean ftate of the atmofphere, with rc- 
peft to heat, denfity, and moifture, thefe experiments be 
Tiadewith guns of medium length loaded as before (143)1 
t wiJl be found, on firing them in a horizontal dire£Hon : . *' 
I . That with the largeft charge* the initial veloci* 
ties are nearly as follows ; 
Nature of Guns Initial Velocities, 

Prx, Feet. 

— 1517 

— 1720 

a. That 
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ft. That with the medium charts they are very 
nearly as follows ; 

Nature of Guns. Initial Velocities, 

Frs, Ftet. 

32 ~ 1350 

16 — I416 

8 — 1449 

4 — 1467 

3. That with the leff charges (143) they will be 
about 4 Icf^ than with the medium cti2rge ; for in- 
ftance, a (hot from a 32 pr. charged with yjlbs. of pow- 
der, will be impelled with an initial velocity of about 
1 1 80 feet, and a (hot from an 8 pr. with aflbs, of 
powder, with an initial velocity of about 1269 feet. 

4. With the leaft charges (143, No. 3) the ini- 
tial velocities will be about tV '^^^ than thofe with the 
medium charge ; for inftance, a (hot from an 8 pr. 
charged with ilb. 10 oz. of powder, will be impelled 
with an initial velocity of 106 1 feet; and a (hot from 
a 16 pr. with 2|!bs. of powder, with an initial velocity 
of 1028 feet. It (hould be recolleiled, that with fmall 
charges, the leaft difference in the mode of loading the 
the gun, makes a great alteration in the initial velocities, 
while with large charges its cffech vt'ould be fcarcely 
perceptible. The fureft mode of keeping all circum- 
(tances as nearly equal as polFible, is always to ram the 
wads well. 
Iji. in experiments with three or four gurw of the 
fame calibre, but of different lengths, loaJed as above ( 150, 
No. 2)i the following rule will furnilh an approximation 
fufficiently exact to draw from it conclufions applicable to 
pradtice. (Pi. 5, Fig. 15,) E B F reprefcnts the bore of a 
gun of any calibre ; the medium charge of powder D and 
the wad S are fo placed, that the (hot A is diftant from B 

2 A F 

three diameters of the bore FE: make FC = — — and 

3 

from the point C as centre, with the radius C A, defcribe 
the arch A K P R, reprefenting the fcale of initial velocities, 
by lines drawn perpendicularly from A F to the arch. To 
determine the initial velocity of a (hot fired, for inftance, 
from a long gun B L (66), loaded in the fame manner (150, 

No. 
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b. 1); d normal line LQ^drawh perpendicularly from the 
>int L in the line A C, will correfpond to the relative ini- 
il velocity. To have the abfolute initial velocity, make the 
Uov.ing proportions : the relative velocity F P of a gun of 
le length B 1* is to its abfolute velocity, as the relative 
:locity L Q^ of the gun B L is to its abfolute velocity ; by 
le fame method the initial veloci y of a (hot impelled from 
gun of any length as B G may be found. The fcale 
K R would ferve for longer guns, but it fhould not be 

cd (6s): 

152. Experiments made with a view to determine how 
uch the initial velocities of (hot are affeded by the differ- 
ice in the lengths of the guns, fired with different charged 
' powder, will be found »o vary very little, firom thofe com* 
i<ed on the preceding principles. 

153. From the theory of the inflammation of the pow- 
;r in guns of cvlindric bores, when all the grains are fired 

the piece, the followmg modifications ought to occur ; 

1. In dimini(hing the charges in guns of the fame 
calibre but of different lengths, the initial velocities of 
/hot from the fliort pieces (hould correfpond more nearly 
thofe from the longer ones, as the charges of the latter 
^re diminifhed ; fince the (hot has its greatefl initial 
velocity, w hen in the (hort piece the largefl charge is all 
fired in the gun. 

2. The greateft velocity of a (hot projefted from ft 
fhort gun, is with the largeft charge that is all fired in 
the gun : it is only in very (hort guns that this doe$ 
not hold good. (Treatife on Powder). 

154. In computing thtfe initial velocities, the guns have 
en luppofed to be fired horizontally, or nearly fo : but the 
locities increafe as the guns are elevated, which proves 
at the entire inflammation of the powder is accelerated by 
e greater refiflancc oppofed to the explofion (Treatife on 
wder). If a 32 pr. be fired with the medium charge 
5c, No. 2) at 20** elevation, the initial velocity will 
cced 1350 feet, and increafe very much, if fired at 36**. 

In the following chapter will be (hewn the method of 
termining the initial velocities of (hot fired from guns at 
;h elevations. 
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CHAP. II. . * ' ' - 

m . * * 

• • r 

Of THfi CuftiTE PB8C&1UD BY Cannoit Shot. - ' 

i^5« 'XHE chai]ge$.of powder far common fervicq. 
)ave boen already .Bientioiied.( 150, No. i and 2;^ fht ! 
dbjeds i^sunft which ..diey are dirofted fliould not be feci '■ 
l^gtl; and to fire with effe£^, be left than 1000 yards diftaot: 
even then the air's refifiance to the (hot is vay peat, thuud^ i 
its effi^ oA the graviuting principle be almoft infenfifafcT. \ 
When the line of d^fcent is ie(s than 260 feet, and the time of : 
the (hot*s flkbt'not more than 4 feconds, the (hot*s path is a 
curveof the fecondkind ; fodenominated todiAinguifh itfirom :: 
ijtifi curve of'the fourth kind, where the movements of impuU. \ 
^n imd gravitation are both ereativ affeded by tlie tefiilanoe of [ 
t)ie ak. In the Treatife on Powder, it was demqnilraied that 
the air's refiftance confiderablv retarded the movemeot of 
l^^MJ^ bullets ; and in the laft chapter on hydroftacia, the 
%ir^a refiflance tomilitury prqe^iles is expreficd in poinidi* 
In this chapter we propofe- to determine the law by whidi 
the air retards the movement communicated by the impel* 
litJg power, in another manner, viz. directly by its forces. 

xc6. l o folve this problem, we n.uft tind experimentally 
ihfjcaie of ff aces pdjfed tjifrovgh during the time of an impuU 
Jive movement^ rt tar did by the medium that the Jhot jiiei in: 
the ini iai velocities may be found by the method cxpreilcd 
in the laft chapter. Hitherto we have only conHdered 
tjie c{Fe<as of the alterations in the ftate of the atmcfphere, 
cic\ the inflammation and explofion of the powder, and con- 
ftqucntly on the initial velocities of (hot ; we will now ex- 
amine how far they can vary the air's refiftance to the (hot, 
a|id render the former concluHons erroneous. 

The barometer will in feme degree point out any changes 
that may take place, and for greater accuracy, two fmall. 
guns may be fired againfl a homogenous butt, at any diftance 
not lefs than 160 yards ^ to afcertain by the one, if the initial, 
veldcities be cohflimt (149); and by the other, if the air's 
refiflance continue the fame. An elevated f; ot (hould be 
chofen for thefe experiments, where, the gun laid horizontally, 
may be dire^ed to the right or left, that the firft grazes 

of 
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t>f the (hot may feverally be on planes one below the other* 
Let tliefe different planes be 4, 16, 36, 64, 100, and 144 
ttet below the gun's axis ; then the time of the (hot*t 
flight through the feteral fpaces will be |, 1, if, 2, 2|, and 3 
i^econds ; thus, the equation of the fcaie will be more eafiiy 
found. 

Then, with a charge that gives a known initial velocity, 
fire fotne rounds towards the place, 4 feet below the plane 
of the gun, in order to obtain the mean of the horizontal 
ranges (144, No. 3) which may be called dg (PI. 5, Fig. 
J7): turn the gun to the place 16 feet below its plane; 
fire fomc rounds, and call the mean rp; let nbbe the 
mean to the place 36 (eet, and K v to the place 64 feet 
iielow the gun. On the diredrix a K fet off the times /:= 




r^ — od^ ary an^ aKy correfponding to the lines of 

defcent 4, 16, 36, and 64 feet •, and ercft from the points /, 
r, », K, perpendiculars to the line a K, refpeftively equal 
tothe means of the ranges already found; the line agpby 
pairing through the extremities of thefe perpendiculars, will 
be the fcale o{ fpaces pafled through during the times of the 
retarded movements of impulfion. 

157. If no convenient place can be found for this purpofe 
the experiments may be made in another manner : on the 
fide of a hill or mountain as (PL 5. Fig. 16) H L A, at the 
bottom of which is a horizontal plain M Z, chufe the (Na- 
tions A, L, H, of different heights ; and from them fire the 
gun in ihe horizontal directions A K, L F, H X : then the 
perpendicular lines G K, P F, Z X will be fpaces that the 
(hot fall through by the power of gravity. The longeft of 
thefe lines (hould be lefs than 260 teet, that the refiilance of 
the air may not fenfibly affect the gravitating power, and that 
the difference of the heights may not occafion any alteration 
in the inflammation of the charge. From each of the points 
A, L, H, fire fome rounds with charges of which the ioltial 
velocities are known, in order to obtain the mean of the 
ranges {144, No. 3 ) ; then fuppoiing that from the point 
A the mean of ranges is:=DG, from the point L=:RP, 
from the point H = N Z ; mark upon the diredrix a K (PI: 
5, Fig. 17.) the times correfponding to the vertical lines 
GK, PF, ZX 5 erc£t from the points ^,r,», the. norm« 
lines dgyrp^nb equal to the means of ranges already (qmS^ 
: ani 
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by where ^ is a conftant quantity \ and the equation for the 

fcale x>f velocities in the times be deduced, U= »■ x^..^ . ^ 

which is an abfurdity 5 fince when / = (?, the initial velocity is 
infinite. 

160. In fine, if the fcale of velocities in the times be 

conformable to the retarded movement, the fcalc of the 

air's refiftance to the (hot at each inftant may be deduced 

from it ; if this fcale be a convex curve, and its greateft 

ordinate at a with a progreflive feries analogous to the fcale 

of velocities, it will be a certain proof that the refult is juft; 

but fhould the fcale of refiftances not haye the requifite pro-. 

perties, the refults muft be faulty. Front the equation of the 

m 
fcale of velocities U=: 7 ■ may be deduced the 

4 

icalc of preflures =^ ; then p = r-=z= ^ 

is an equation that combines all the requifite properties. 

161. The refiftance of the air to the rapid movements of 
projedilcs depends not onlv on the adual denfity of the at- 
mofphcre, but on tlie condenfation of the air before the 
projectile, vvlicnever its velocity exceeds 1300 feet; for a 
vacuum is then formed btliind the (hot, which becomes fo 
much the greater as the velocity exceeds 1300 feet. 

After repeated cxpcriaients and c biervatioiis on this fub- 
jc£V, it appears tliat wlv 'uns are /ired with cliarges that 
give an initial velocity o»" about 13CO feet, the formula ^n 

€ r t 

will exprefs the retarded motion of impulfion with fuf- 

I" T" » 

ficient exadlnefs for praflicc, whenever the extent of the 
movement is lefs than 1350 yards : but if the initial veloci- 
ties be much greater or \t{s than 1300 feet, this formula will 
not ferve. The letter q cxpre(res the line of projection^ 
which in (hot impelled iiorizontally always correfponds to the 
kngth of the range ; c the initial velocity of the fliot, / the 
time that it takes to pafs through the fpace ■ q \ And r z 
number proportioned to the diameters of the fevernl (hot ; 
tliis number is combined with the actual dcnfity of the at- 

mofpheic, 
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mofpbere, and its value may be found by experiment. The 
tiiameters of the fliot are as follows- : 

Nature of Guns. Diameter of Shot. 

Fr, Inches, 

32 — — — 5.760 

j6 — — — 4«S66 

8 — — — 3653 

4 — — — 2.881 

If from the denfity of the air, r=i2 in a 321b. fhot, the 
value of r for (hot of other diameters may be found by ana« 
logy ; hence in a i6!b. 4hot, r = 9 5 ; in an Sib. (hot, r=: 
7.6 ; and in a 4.1b. (hot, r=6. If from the den(ity of the 
air, in a 321b. (hot r=i4-, then in a i61b. fliot r—ii.i > 
in an 81b. (hot, r — 8.8 *, and in a 41b. Ihotr~7, 

For example, fuppofe from the den(ity of the atmofphere 
r= 12 in a 321b. (hot, of which the' initial velocity is 1349 
feet -= c ; and the value of ^, the fpacc pa(red through with 
this fame velocity in different times, be required : by fubfti- 
tuting thefe data in the formula^ in two feconds of time, 

^ = _2z2 = 2312 feet; and in three feconds, j = 

' 12 + 2 ^ ' * 

-215 ^ = 3237 f*-'^^' ^f ^^ initial velocity be 1517 

feet, in three feconds the line of projection 1$ 3640 fctt. 
In a i61b. (hot with an initial velocity of 1416 feet, the 

line of projeflion in two feconds is ^ = -^ ^^ = 24.02 

9.5 + 2 ^ 

feet 'y and in 4 feconds is 3985 feet. 

In an 81b. (hot with an initial velocity of 1696 feet, the 

line of projedion in 3 feconds is= ^^ ^=3648 

7.6 + 3 
feet. 

In a 41b. (hot, with an initial velocity of 1550 feet, the 
line of projedion in 4 feconds is 3720 feet. 

Suppofing the atmofphere to become lefs denfe, fo that in 
a 321b. (hot r= 14 ; then if the initial velocity be 1433 feet, 
the line of prtjedlion in 4 feconds is 4458 feeu 

M Ii} 
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In a i6Ib. (hot^ with an initial velocity of 1534 f^ct, th« 
line of projedion in 2 feconds is 2599 feet. 

In an Sib. (hot, wich the initi;*! vciocity • f : i',- *' ,-. the 
Ijne of projc£tion in i fecond iS 1 jc*^ *'-*"'■ 

In a 41b. (hot, with the initial vt o ; f > - - :-• *, :!.e 
line of projection in 3 feconds is 3612 icct. 

c r t 

162. If from the equation q= be deduced th*. LcW 

c f 

of velocities V in the times, (159) V = ■> which will 

give the remaining velocities, after the (hot has paflcd through 
the fpace q in the time /. For example, fuppofe from the 
denlity of the air r=i4. in a 32!b. (hot ; then if the initial 
velocity be 1349 feet, the remaining vciocity after 4 feconds 

will be V- ^3 49Xi4 * ^g^^ ^^^^^ ^ ^^j^^ ^^^^ ^i^j^ ^j^^ 

14+4* 
velocity of 14 1 6 feet, will have a remaining velocity after 3 
feconds of 877 feet. 

The remaining velocity of an 81b. (liot, with the initial 
velocity of 1686 feet, will after 4 feconds be 796 feet. The 
remaining velocity of a 41b. rtiot, with the initial velocity of 
1467 feet, will after 2 feconds be 887 feet. 

Again, from the Hate of the atmofphere r~ 12 ; then the 
remaining velocity of a 321b. rtiot, with the iniiial velocity of 
J 517 feet, will after 2 feconds be 1 114. feet : a i6ib. Ihot, 
with the initial velocity of 1484 feet, will after 4 feconds be 
734 feet : an 8Ib. fliot, with the initiil velocity of 1686 ittX^ 
will after 3 feconds be 866 feet ; and a 41b. ihor, with the 
initial vciocity of i6co feet, will after 2 feconds be 900 feet. 

163. The problems of the curve of the fecond kind (155) 

may be refolvcd by the formulas <9=-^ ? S = 5-^ . 

^ ^ ^ r^rt 2 

^(PI. 5. Fig. 16.) Given the iniiial vciocity zi:r of a 321b. 

fliot (ired from A with the horizontal direction A K, to derer- 

mine by experiment the value of r. Suppofc that the (hot 

touch the ground in the point G of the plane D Z, as the line 

of projedlian A KnrDCr- q^ and the line of dtfcent K G 

are known ; by fubllituting this laft value in the formula 

c. 22.18/* . ... . y^2 K G 1 , /. . o- 

•S=:-^^^ , It will givev/ • rr=^ and by fubftitutir.g; 

2 32.18 ^ ^ 

the 
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the known values of j, r, / in the formula ^£= 9 the 

value of r will be found. For example ; let mi 517, and 
AK be found by experiment =265 5, and KG =64 feet; 

then tssi2 ; and confequently r=:-^ = — ^ — z — ' 

^ ct-q 1517x2-1655 

sr 14. Having thus found the value of r for the 321b. fhor, 
it may be found for the 16, 8, and 4!bs. firom the propor- 
tion of the diameters of the fhot (161). 

164. The value of r being given, to find by experiment 
the initial velocity of a (hot fired in any direflion. Suppofe 
in the firft place, that when the gun is fired in a horizontal 
direiStion A K, the firft graze of the (hot is at G : the line 
of projedion and the line of dcfcent being known, by fub* 

72 18 /" 

ftituting this laft value in the formula S=r -^ the time 

^ 2 

of flight will be found : the fubflitution of which in the 
other formula will give the value of c. For example, if 
an 8Ib. fhot be fired in the fame refilling medium as in the 
preening paragraph, ;=:8.8: and fuppofing A K 22: 3478 
feet, and K G = 144 feet, then tzz. 3 ; and confequently c:=l 

^xr + / 7478x8.8-1-3 

^^ 8.8x3 

Suppofe, in the fecond place, (PI. 6, Fig. 18) that the gun 
be fired in a dirccSiion A M, forming with the horizon the 
angle MAR, whofe value is known ; and, that tJie fhot 
firike the ground in H : by mcafuring the horizontal diftance 
A R, the line of projection A M and the line of defcent 
M H will be found. If M H be lefs tKan 260 feet, the 
initial velocity will be greater (154), tlian if the gun had 
been fired with the fame charge iii a horizontal direction. 
Let M H=!oo fejt, then /=2i : kt A M=:2920, and the 
fhot be a 4 pr. fired in the fame refilling medium as above, 
r;=7 ; confequently r=r 1585. 

165. To determine the angle of elevation (PI. 6, Fig. 19) 
DaF under which a (hot with a churge tliat gives a 
known initial velocity r::r will from the point A flrike the 
objed B, above or below the horizontal line A F. 

Draw the perpendicular line B D, and fuppofe D A to be 
the diredlion in which the gun mud be fired. Then as the 

M 2 an^rle 
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angle B A F and the lide A B in the »• ^ - 
B F A arc known, the lides A i\ P 
call A Vz^m^ B Fnw. Since the i.n. 

S=:^— ^ , and the line of projedion ii i>i- 

2 . 

■22. 18 /* + 

DF= ■ —w, according as the point B is above or be- 

iowF* As in the redangled triangle A FD, Ai3' = AF' 
-tDF^y by fubdituting the analytical values wc (hall have 

the following equation,— ^ziim'- •\- —^ 32.18^^* 

r + irt + / 4. 

+ «* : whence may be deduced the value of /. If the point 

B coincide with the point F and the butt be in the plane of 

the gun, the value of n-no^ and may be ftruck out of the 

equation : the value of / being thus known, thofe of B D 

and AD may be afterwards found, which will give the angle 

of elevation D A F that was fought. 

166. (PI. 6. Fig. 20.) From the point B to hit the objcfl 
L fituated in the fame plane as the gun : the value of / may 
be found in the following manner with fufficient accuracy 
for practice ; (ince even when the amplitude of a 321b. (hot 
is 134.8 yards, the difference in the elevation H Ji L will 
not be \ reconcl. 

The diibncc B L between tlic f;un and th.e objcfl, may 

'ft 
be confidercd as the line of proicilion 0:=. , and fubfti- 

tuting in tliis formula, tlie data ^, r, r, the value of / may 
be found ; which being again fubililuicd in the formula Si= 

— gives tlie value of S for the line of dofcent L G : 

2 

draw tlic line B G; then, in the rCvTiangled rrian;:iC B L G, 

the ancle G H L will be known : make the an 'le ]> \\ H 

equal to. the anrrlc G B L ; B 11 will then be the direction 

in ^^hich the gun fiiould hz fired to (Irikc the point L. For 

example, if B L be 560 yards, and a 32 pr. be hrcd \Nith 

the medium charge of powder, 4=1:1350 toct (J50J; and 

from the refiltance of the air r'=z\^\ by fublVituting thefc 

numbers in \\\z firft formula, 1680= -^ 9 and con- 

12 + / 

fcqucntly 
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fequcntly i:^^.^. again fubftituting this value in the fecond 

formula S= -'- ^=31 feetrrLG, and finding trigo- 

nometrically L.G B L=e i° 3 , the £. L B H that was fought 
is alfo 1°. 3'. 

167. From the preceding theory, (Pi. 6, Fig. 20) it will be 
cafy to determine the vahie ct r and the initial velocit>=:r, 
whea thefe two quantities are unknown, by riring only two 
roimds. Fire a^^un in any direction B D, proviced that the 
line of defccnt be kfs tliaii :6o tcct ^ and, fuppL>iinir ilie (hot to 
flrike the ground m K, find gconittri:ai!y the line of pro- 
jection BDz:^, and ?he \mc of aefctnt Dhzt::) ; and, by 

the formiila S = ^^ ^iind the time: then fubflitute thcfc 

2 

c r t 
values in the equation BD-y- . If the gun be again 

fired with the fame elevation, and exaftly loaded as before, 
but turned to the right or left, fo that the ihot may firike 
another point G, higher or lower than the former oneE; 
having found geome.nwaiiy the line of projection B K - y, 
and the line of defccnt K Cj, find the value of /, and fub- 

c r t 
fiituting it in the equation B K ~ ^ ; thefe two equa- 
tions will give the values of c and r. 

Suppofe, in the firft imlance, that B D=: 1820 feet, and 
DIi=:36 feet; and, in the fecond, iiK=3.37 feet, and 
KG = 144 feet: then fubilituting thefe numbers inthefirft 

formula, 1820=— —p; and again in the fecond, 3237 = 

:2. from thefe two equations, ^=1348 feet, and r=:i2. 

r+3 

In firing againft the height, R H (PI. 6, Fig, 18) having 
fired one round from A, in the dire<Stion AM; the gun 
ihould be advanced to L, or retired to P ; and, from one of 
thefe two flatifjns, a fecond round fired with tlie fame eleva- 
tion ) fince whenever it is altered, tlic initial velocities differ 

(154)- 

J 68. The elevation AD, (PI. 6, Fig. 21) and the 

initial ydocity = r being given, and the value of r and of 
4he Une of ddcent B D being known, to find the dircdVion 

M 3 and 
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ind tht Otttatilf K B of oonofMnd vdocity^ nvith wbkh 
the (hot llrikcs the point B. 

. FioQi $ D idcdiKC thf value of i i and by the formula n 
£=31.18/ of the velocities in the timc^ thrpueh the move* 
OMM of gravitation (Tre«tife on Movio| Bodka 283) find 
the vahie <^ u^ whidb ftt tS from B to H : from the point 

H 4nwH& parallel to PA, and by the formula Vs ^ 



(|6k) find tbe. remaining velocity rV arifing from llit • 
nuxraMnt of impulfion after tlie time / \ tlien by (ettinof <0i 
i^ vattie frpfti H to K| and drawing the right hne BK» it ^ 
IdU i^ve the direfikm, and the quantity of compound voQ- ' 
dty which the (hot has at the point B. Let B 0=144; 
hk^ thcii '^3f and irii:3».i8x3=:96=BH| and fi^ 

1350 X III* 
^^3t»3S0feetandr=i3j tlien HK=V==5£=:r' 

ibSaz fbets and fiuce the l. BHK is equal to the 41; 
B&A which is known, the direaion will be founds and aM^ 
the quantity of compound velocity B K. 

X1 18 1* 
SJS9. A combtnation of the formulas Sg y ' ,jg» 

mi 

( 163 ) will give the equation S =-^ — '- — x 

-- — --* 1 appertaining to the curve of the fecond 

kind ( 155)9 ^y means of which all the preceding problems 
may be folved. For example, if the initial velocity be 
known, and the value of r of a (hot of given calibre be re^ 
qqited > it will be fuf&cient to fire a round in a dire&ion 
A~D correfponding to the given velocity ; and fuppofin^ the 
(hot flrikes in B, by findii^ geometrically the values ot the ' 
Kne of projection A Dsr^^ and the line of defcent BD=rS, 
and fubflituting them in the equation of the curve, it will 
give t\t value of r. Again, to find the initial velocity, and 
the value of r\ it will be nec^bry to make two experi* 
ments with the fame charge, and at the fame elevation ( 167) } 
in each of them the values of the lines of dire<S^ion and de- 
fcent muft be found and fubftituted in the formula S:s 
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8 c* /•* 

- X , , whence the values of c and r may be 

cr—q 
ccd. 

be apph'cation that will be made in the following chapters 
e doctrine here laid down on the unequal movement of 
]fionfi6i) will enable us with 'a moderate (hare of 
timent, to derive the greateft advantages (141) from 
fe of artillery. 

o. To determine the curve of the fourth kind ; when 
sfiftance of the air to the two unequal movements that 
itute it is gi'eat, and the ranges are long ; it is neceflary 
;ke a courfe of experiments, which from the continual 
ion in the Aate of the atmofphere, and other circum* 
;s, are very tedious, and require much accuracy and 
igence in thofe that carry them on. As I had not an 
rtunity of making all the experiments I deemed fatif-* 
y on this head, I have here only laid down the funda- 
al principles, that others may be enabled the more 
to profecutc the enquiry. Among the different methods 
nay be taken to determine the laws of this curve ( 156), 
>IJowing appears the bed. 

lufe an elevsted fituation, v/here the gun may be turned 
f fide ; fo that the (hot may feverally (^rike points, one 
• the other, in fuch a proportion that the lines of defcent 
ye 848, 1696, 3046, 5088 feet. From this fpot fire 
1 rounds in a horizontal diredion towards the fame 
, with a charge that gives a known initial velocity, in 
to obtain a medium of horizontal ranges and of lines 
Tcent. Ferfons fliould be Aatiooed at different parts 
econd watches, to reckon exactly the time that the (hot 
from the inilant they fee the fmoke of the gun, till it 

the ground. Having found the mean oif the two 
nienfs of impulfion and gravitation, turn the piece 
ds another objedl, in order to obtain a different me- 

then towards a third and a fourth, with the fame 
itions as before. 

cfe experiments (hould be repeated with a gun of a very 
!nt calibre, with the fame care and attention (156), 
le refults may not be afFe£(ed by the variations of the 
phere. Shot much lighter than the common (hot may 
de for the occafion, by fufpending in the center of the 

a fphere of well-tempered clay, which will be thuii 

M 4 com-* 
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completely enveloped by the melted metal ; the refiftancc of 
the air to thefc projectiles will bt- much more fenr^hle. If 
this hollow Ihot be to a folid one of the farne diameter, as 
^he weight of a (hell full of powder is to a fliell of ihc fame * 
diameter cad folid, the refults may be applied to mortars in a 
much more fimple manner. 

Alter the experiments, conftruS two fcales for each gun : 
one for the fpace pafTed through during the time of a re- 
tarded movement of impulfion ; the other for the movement 
unequally accelerated by gravity. The laft fcale (hould give 
a curve convex towards the direftrix. The two fcales may 
be analyfed in the manner above (hewn (158, 159, i6o)j 
and if the experiments have been made with care, the equa 
tion of each movement will be fo exprefTed as to fervc fof 
all the different ftates of the atmolphere. 

171. While the ftate of the atmolphere remains the fame, 
the refults of the experiments (170) v;ill be conclufive, if 
they have been carried on with proper attention : but the 
fame inference muft not be drawn in the former cafe (isj)* 
For if a gun be fired from the different heights A, L, H, 
(PI. 5, Fig. 16) and the lines of defcent GK, PF, ZX,bc 
very confiderable as 848, 1696, 3046, and 5088 feet, the 
refults will be falfe and inconclulive, even if there be no 
alteration 111 the Ihte of the atmofpiicrc ; 

1. Becaufc (hot iired from different heights arc op- 
pofcd by air ot diTcrcnt (Icnliiics ; the law therefore of the 
inf^nmmation and cxplofion of powder is ahcred, though 
the (juantii'v be the fame : of courfe the initial veloci- 
ties will differ. 

2. The lines of defcent GK, PF, Z X, and the 
lines A K, F L, H X, wl»ich cxprefs Hie movement of 
impulfion, iravcrfe in an inverfe orJor the air which is 
of different denfines at diirercn heights •, whereas by 
firing alwuv'S fro-n the fame piacc II (i7">), the (hot 
will at the tir.t g.aze firtkc the points M, B, E, T, 
with correfpoiKlii^^f'; lincb of defc>iu ; and traverfc the 
air in t' c natural o.clc-"; the lines which cxprefs the 
mo'. ement of inip-jlfoii wiii be in the direciion H X. 

To afcertain the njodilicaiions that Xdkv place in the 
inflamrr. Miion and exploiion oi powder, and m die refiflance 
of the air t.^ jVi'ojtcuIcs, owing to ahciutions in t,hc flate of 
the atmofjyhcr:\ tf;e following CAper-mems may he made : 
Let a mufquei cc iired vciy clofc to a butt in the bottom of 

a valley ; 
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ti valley ; and another be fired with an equal quantity of 
powder of the fame quality againft the fame butt, at the 
dJQance of 675 feet : at the fame time let another perfon, at a 
place 5000 or 6000 feet above ilie former fituation, dilcharge 
a bullet from a mufquet of the fame calibre equally charged, 
and at the fame dii^ances as the former one, againft a butt 
equally homogenous and confident ; the penelr- lions will be 
much deeper from the mufquet fired near the butt at the 
foot of the mountain, than from that fired near the butt at 
the higher fituation ; but will be much lefs at the dKlance of 
675 feet, than from the upper one at 675 feet. Thefe effedte 
were fo fenfiblc in the campaigns of 1743, 1744? and 1747, 
in the Alps, that there were days when the mufquets fired 
at the top of the mountains ranged y more than the fame 
mufquets at the bottom*: fometimes the mountains were 
enveloped in thick cloiids, while the vallies beneath were 
perfectly clear ; at other times the atmofphere in the vallies 
was loaded with vapour, while thofe on the heights enjoyed 
a cloudlefs ferenity : in fhort, fo great and frequent were the 
alterations^ that tne experiments of one day bore no analogy 
to thofe of the next. 

172. To determine in another manner the law of each 
of the unequal movements that coniHtute the curve of the 
fourth kind ; let a gun be fequcntly fired from a horizontal 
plain? A K, (PI. 6. Fig 18.) at the foot of a mountain 
K I H, with the fame elevation K A M, and with a charge 
tliat gives a known initial velocity. F ire fome rounds from 
A, fo that the medium of the lines of defcent may be froni 
600 to 700 feet : fire again from P, at a greater difiance 
from K the foot of the mountain, that the fliot tailing in I, 
the lines that exprefs the movements of impulfion and gra- 
vitation, may be longer : remove the guns ftill farther from 
X, and fire as before ; and, having taken the mean refult, 
retire the gun to a ftill greater dilbncc from the mountain, 
fo that the (hot falling on the plane P L, may give the 
lonecfl lines of projcdion and defccr.r polTible, under thefe 
circumlianccs i always ufmg a fecorid watch to mark the 
time of flight of the Ihot ; and, taking every precaution 
to know whether the llate of il^e atmi^fphcre reinain the 
fame. From thefe refults two fcalcs applicable to the ufes 
before exprefled (170) maybe contru^ed. Experiments 
conducted in tins manner cannot be v<:ry erroneoiu, but, 
their refults are mure complicated than the others, (170) 

fince 
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1 

ftM8 tiiB (hat in ifixnding, pifiet continually firom t doifir ' 
Ho « man nurified medittm, while the r«vc»A takee ftet 
wbea the flttt defisKKU/ 

CHAP. in. '■ 
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Or T81 Epficti Of Canhom Shot oh WoAse. 'k 

t7r 1 HS Qfe of heavy artillefy (64) is to rum aiil;! 
tfemoTifli permanent fortifications and works. ^['^ 

In the attack df fortreflbs, 32 prs. are ufed for bttterflEf^^' 
fai hreadi, when the ramparts are of great folidity ( bati 
from ttM great expence atteilding thefe heavy guns, and tE* 
difliculty of tranfporting them, 16 prs. ferve for difmoioBI- 
Ing the cillery in the outworks, and beaimg down die ds>* 
noKXM* Vot rkhochet and hot-(hat firing, 4 and 8 prs. ail 
ufed, as they require lefs ammunition, and fewer 0191 ,IB 
work them • ^'*\ 

In the defence of places, againft which the beficgeresa 
dhblifli any number of batteries he pleafes, the p r d portitiV 
of 3a prs. mould not exceed a third of the whole number 4f 
guns in the garrifon i as 8 prs. \sill fei:ve for firing againft till 
opening of the trenches, and 16 prs. againd the approaches: 
but, if the fituation of the ground be fuch, tliat the artillery 
of the place has a decided fuperiority over any batteries the 
befieg^r can eredl ; then, to take full advantage of this cir« 
cumdance, the number of 32 prs. fhould be increafed : long 
4 prs. will keep the enemy in refpedl around the place, and 
a few (hort light pieces (66) may be held in readinefs for 
making lallies. 

174. To ufc fire-arms to the greatcft advantage, die 
effea of each (hot fhould be obferved : (141} for this 
pUrpofe ; 

1. The guns and carriages (hould be confinided 
with the umioft accuracy. 

2. The guns fhould be fervcd with care and judr« 
ment, and placed at a proper diftance from the objeas 
intended to be battered. 

175. In the former part of this treatife, the principles of 
the bcfi con(lru£lion for guns were fully explained : but, as an 
officer is fomctimes obliged to ufe guns defedive in fome 
material point, he ought to confider by what expedient he 

can 
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can beft remedy the defecl : the c'mjti Should be 3d3esed» 
when it (mxeeds from the warit of proper wtasht in the 
gun, or of a due thickntfs of metal i.i the breccb. 

The knowledge of an artiileriit jhou^d be bvth thsofciiral 
and pra<ElicaI : to afcertain the narjie of the cune ce- 
fcribcd by a projectile, devdope the ca*j!» that inEucnoe hs 
formation ; thence deduce nijes applicabje to ^hc rahous 
cafes that occur on fervkre, and be able in the beft azkd t&a.^ 
expeditious manner, to repair any accident that may bap- 
pen, is the part of the theoriil, and of the officer. The 
non-commiflioned oiScers and foldkrrs are inflrucUd in the 
part purely pra^ical : they are tai^g-.t 

1. To load the guns in a rc^oilar and unifcjrm mar^rjer, 
and to ram the wads when t^ fame chariie is uJfd, 
with equal force ; a negieci in this poirjt is the caufe 
of great irregular it}', particularly when tnt ^:mi are 
depre(ied. 

2. In laying the gun, to rtmavt cvtrj ob&atle that 
can tend to derange the firlriig. 

3. Having by two or three rounds aiccraiied t>* 
dire<Sion for hitting the obje^ to contioue tt whhoct 
variation. 

176. That the gun may be placed at a pr^ypcr dn^u^-jt 
from the objedl (ij^ No. 2, ; the fho:'t pn'i iiiuft be tvri- 
fidered, and allowance made for every cirv'-Ti:tk:-j.e 'J^t ci-r* 
affedl the range : the relative fize ar.d p'y.'it.oTj of ♦'*•: cv-vit 
muft be panicularN atter.dcd to ; {or^ vr^tii it ii rrr-.;* '-i^^^r 
than the gun, though ver\'diftant 2r»(t uzTtoy^^ it \\ m'-jrt «;£:j 
hit, than when lower and oi greater e**ent ; h that r;jc 
lower the object is, the nearer the gjn mu;1 be br<>a^>t t> 
it. In the attack and defence of p'.a-.ei '> iow prciSir, ti^e 
height of the works a'jain.l w.Mchtf,t nre is directed ^n t'jc 
firft part of the attick, does r.crt excw-i 7 ftsct, as t^-e para- 
pets, the exterior of i:-e embrazures, tf*e heads of &pf, Uc. 
The greateil diftan e at which '^ans fi-ould be firtd a^Joft 
fuch low objects, has been hxed in c-r in.hiary tr^vlei, 

at 680 yards. 

177. After hitting the object, the n^rxt yAnx ti to cvr>. 
fidcr the degree of force req jifitc to ovtrrcouie i'l t»:^J*MAj: : 
for, if this be fuperior to th« i'npcruk of t?.i: 'ho% ;-o v;?t'3» 
will be produced ; ar* ^ v/i- t grea'Iy j;*frrif/r, / ;; vv f^ 
fometim:;s proper to drr.jn.fJi the for',*: of Vjt, '^/y^.r.n^ 

in order ro produce a ^'c-iicr tfftct, kiA a/Vi^ f^^--^'^ ^'-* 

2 -r.s 






-^ 






iS9 dF projectiles; 

gniit befeit the fi^ is over, by firing with ' arge chstak^ /; 
The following confideratiims may perhaps ailift an oflfixr ^ 
omimanding a balteiy>. in formfog his judgment on iti0, ^ 
ticcafion. i 

1. The largeft charges are only ufed when a gnip . 
fbfoe is requir^, and exadinels in firingis not abfoliiitfjf ?: 

'^ necjcflary J as battering in broichirom die creft <^ fhi ^ 

■ glacis. But, in firing firom great difiinces to difimwai 

the enemy's guns, batter tiw trenches,^ beacte of ifif^ 

.or other low works, the medium charges are fiiflfcifiife - 

that the violence of explofion may not produce iak?^^' 

gularities (ly, 8, 9). - T 

2. The lefs, and even the leaft thnges willftrft^ 
for battering towns or .villages furrounded with a itjjfii, 
wall, onfupported with a rampart of earth $ finoe t.mti 
impinging on a thin wall with greatfcvce, makes »hob^ 
without maiung ibt contiguous parts : thus it recplMt < 
a greater number of rounds with large chaigo^'li. 
d(pmoli(h them, than Jf the charges were dimiuha^'-'^ 
Should the fituation of the ground permit the gp^ip.^ 
be laid on an oblique diredion at the obgedf- tl^ alo- 
dium, and even the largefi charges cnay be ufed : ia t^f 1 
cafe the efleds of the ftiot are in the ratio of the wnfjtM*^ 
of incidence. 

178. The force of the dire£l (hock of hard bodies, is cal- 
culated from their mafs mulripled ii)to their velocity ; and 
the foice of the oblique ihock, by niull»pl)ing the former 
product by the right fine of ihe angle of incidence, divided 
by the whole fine (Treatise on Moving Bodies). If the force 
==/*; the weight of the fliot- w, ilie velocity with which it' 
impinges = V, the right fine of the angle of incidence ~tfS 

then/=iwV x , , ^ — is the general formula in whidi ■ 
•^ whole fine '^ 

the fraction '-7—; — ;; — is equal to unity in the direft (hock. 
whole fine 

If the vabe V of the remaining velocity (162) be found, 
ihc impetus with which (hot of the fame or diflferent diame- 
ters impelled with different intial velocities, impinge on 
obje£ls at different diffances, may be compared. For m* 
fiance, let the diffance between the gun and the objtd be 
exprqiled by the line of projedion, and in a 32 pr. r= 12 ; 

then 
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then in the direft (hock, the force with which a 32 lb. iTiot 
with an initial velocity of 1350 feet, impinges on an obje6l 
placed very clofe to it, is to its force at 4056 feet, as 1350 : 
759 : and ihe foi*ce with which a i61b. ihot, with an initial 
velocity of 14 16 feet, ftrikes an objedl at the diftance of 932 
feet, is to its force at 3229 feet, as 1226 '.817. On com- 
paring in the fame manner (hot of different diameters, it ap- 
pears, that the force with which a 321b. (hot, with an initial 
velocity of 1350 feet, ftrikes an obje<3 at the diftance of 330 
ifect, is to the force of a 4ib. (hot, with an initial velocity 
of 1457 feet, at the diftanceof 3520, as 32 x 1300 : 4 x 528 ; 
that the force of a i6lb. (hot, with an initial velocity of 14 16 
feet, at ilie diibnce of 38^6 feet, is to the force of an 81b. 
(hot, with an initial velocity of 1449 feet, at the di(iance of 
350 feel, as i5 X 716 : : 8 X 1361 . If under fimilar circum- 
itances, die Ihocks be oblique, fo that with a i61b. ihot the 
angle of incid^-nce be 20% and with an 81b. (hot 75**, the 
two (hocks will be to each other : : 16 x 716 x 34202 : 8 x 
1361x96592. 

179. In tiie preccdin<^ paragraph it wns fuppofed, that the 
coin pound velocity B K of tlie Ihot, when it impiriL^es on an 
objed, uus equal to the remaining velocity H K, which is 
in the raio of tac retarded motion of impuKion : this is 
the caie not only in this pirticr.lar in(laac<^, but in all others 
that do not ad»nit of geometiical precifion. Neverthelds, 
on ake»tainins; tlie lireatdl dilForcnce that can be between 
thcfe t\A0 vclociries, m the common Hrvice of guns, we (hall 
find it to be too incontiderable to cccafion any material erior; 
for, if the value of the compount: velocity B K be deter- 
jnif.ed (i68/r the gun having been lircd at the hlgheft 
elevation the carriage will admit of, R K is lefs than H FC in 
the proportioii of about l in the 100 ; that is B K : H K 
: : 397 : 4.00 ; and if the gun be depre^Cvi as much as pof- 
fible, B K will exceed H K in the proportion of about -^ in 
the J 00 ; that is B IC : H FC : : 801 : 800. 

1 80. Among the feveral works ag:Mnft which cannon are 
fired ; there are fome which do not yield jo the moil violent 
(hocks ; a.*d others of very flight refiflancc. Of the /iril 
Itind are thofe cut out of the folid rock, the hardntfs of 
which joined to the cohefion is fuch, that the moft violent 
ihocks caufe no difunion in the parts. If the weight y)t the 
(hotr=/7z, the velocity with which it impinges=: V and « = 
the obJQi^ impinged on ; the whole effedl of tlie (hot on 

this 
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this work, is a flight tremulous motion in the point of im« 
pa£t, incapable of producing the leaft feparation of the parts : 
fo much does its mafs exceed the mafs of the (hot. There 
is in this cafe no method of making a breach but by 
mining, however tedious or difficult the operation may be. 

1 8 1. There are three ^ays in which works that yield to 
cannon balls ( i8c) may be de(ht>yed : 

1. By feparating the conAituent parts, when the (hot 
cannot penetrate. 

2. By penetrating without fplitting or (hivering them. 

3. Or by producing both thefe efFeils at the fame 
time. 

In the firft cafe, the upper parts being by repetition of the 
ihocks deprived of their bafe fall down ; as in walls built 
very folidly of hard ftonos, cemenced with mortar: the 
mere fpeedily to effc6l this, (hot of the largcft calibre (houM 
be projedted with the greateft initial velocity, and the guns 
placed very near to the object, and fired in Jalvos ; that the 
ieveral fhocks being made at the fame inftant, may be the 
more efficacious. The 64lh. (hot formerly in ufe, were 
well adapted to this purpofe ; as they demoli(hed the wall 
in a very little time, even with an initial velocity lefs by ij 
than that of a 32ib. fl^ot ; fince from the grca*er quantity 
of movement, they fooner fcparate and opca works of ma- 
fonry (Trentifeon Moving Hodies, 370, 371, 372). Thcfc 
obfervations on v^^alis conliru61cd of hard itone and Jime, are 
in fome dejTce applicable to works cat out in foft or friable 
ftonej with this diirlrcncc that tlie up/cr part of the rock 
being by its nature firmly fixed in the i^round, is Icfs (haken 
than a v\all fupp; rtcd by earth, which though an adjunct, 
is little aflecied by the fhock ; wlicrcas, the rock being one 
body, the fliock is communicated to its wliole mafs j aiid is 
fo generally diffufed, as to be almoli infcnfiblc. Suppofing 
the two works to be of equal tenacity, that cut out of the 
rock will fuffcr lefs from the fhot. 

182. Works arc dertroyed in the fecond manner (181, 
No. 2) w^en ihe Ihot penetrating to different depths, difu- 
nite the contiguous parish as in turf, earth, &c. The for- 
mula /SzrDw* (246), ferves to determine precifely the 
penetrations of (hots of different diameters, into works of 
this kind : the penetration of a 321b, (hot, which with an initial 
velocity of 1517 feet, impinges on a work of this fort, is to 
that of a 4lb. Ihor, with the velocity of 1010 feet, as 5. 760 
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Xi5i7*:2. 88ixioio* (161). If a 321b. (hot (146) 
with an initial velocity of ijjy feer, penetrate a butt of 
earth to the tlcpth of 20 feet, a 41b. (hot with the velocity of 
1010 feet, will under the fame circumdances, penetrate only 
to the depth of 4I feet j therefore, intrenchments 5 feet 
thick cannot be pierced by 41b. (hot that impinge with 
this velocity. The fame formula will determine t!ie dia- 
meter or velocity that (hot ought to have to penetrate a 
parapet of a given confidence and thicknefs (146): if the 
thicknefs — S be 8.43 feet, and the confidence ~F be 
37046, by fubltituting thefe data in the formula, we (hall 
find that (hot which have a velocity of 1 01 2 feet, to pafs 
through this parapet, ought to be 3. 653 inches in diame- 
ter, v/hich correfponds to an 81b. (hot ( j6i). 

183:. To determine the relative penetration of (liot of 
dirrercnt diameters, fired at different diilances againft a pene- 
trable and homogeneous butt, the remaining velocity nV 
with which the Ihot from the diftancezry with an initial 
velocity iir impinges, muft be found from the movement of 

c r t 
impulfion : for this purpofe the formula qzi — »(i6i) will 

give the time—/; and, the value of r being given, the 

C /'* 

time may be fubftituted in the formula V= — ^ ^ (162). 

Having thus found the value of V, the compound velo- 
city with which the (liot impinges, may be confidered as 
equal to the remaining velocity (179) without any material 
error j on this principle, tlie following table of the relative 
penetrations of (hot of difKrent diameters, impelled from 
guns loaded with the largeil and the medium charges, againft 
a penetrable and homogeneous butt, from four different 
diftanccj hus been calculated ; the initial velocities are as 
before cxprofTed (150) and from the r^fiftancc of the air, 
in a 32lb. (hot rz: 12- By firing one round, the abfolute 
penetration of a (hot into a given butt uill be determined ; 
and, from the relative penetration it will be eafy to afcer- 
tain the abfolute penetration of other ihot, under the fame 
circum lances into the fame butt. For example, if a 321b. 
(hot with the largeft charge, fired clofe to the butt, penetrate 
to the depth of 22 feet, an 81b. (hot fired with the Jargeft 
charge, at the diftance of 1000 yards^ will penetrate only 

to 
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to the depth oF 6 feel If a i6ib. (hot with the meitioin 
ehirc,c, fired ai the diftance of 340 yErds, penetrate lo feet, 
a 4lb (hot with the inedium clurge, at the liftanticof 680 
]tards, will penetrutc only to the dn^th of 3^ feet. 

The relative penetrations of fhot, projeflcd from different 
diftances, with given initial velocities. 
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1S4 To JM.Isc of ,!,= 1, 
obfcrved i th?t iliv; l.rj..ril 
parts are d-Y-ri-cd of" iin.Jr 
expreinng the [mietratiun 
quantity proporticiiia) to live 1 
made by the Ihar, D- U* *■' 
the holi ; that is ta f.iv, 



d L.^lVi;"- oi liifit, it flioukl be 
iiiui ;i,..-, il-.o Iboner the upper 
.;*■.■, aiid Mil .kuvn. If D «' 
■ 111,)!, \x miiitipliLd by U*a 
i:c of t.'ic c>li,;dri. al cavit)', 
il he fXi'Rif.d !)y tl.e fiM 01 
I holes v,\:.tU by tin; (hot arc 
in the tomiiiiuii;! ir.Tijot llio weight c: thi: ihol, and the 
r<iu3ie of its vLlo.-ity. The tJFccU ut" a 041b. ihot imping- 
ing un s |::iri;i>i.t of far;ii, witji j vtiui.i:y of 1247 feet, arc 
to the cfitvts of a 3?.ih. iLot, with an ini'i-l velocity of 1350 
feel, as 64 X 1 2.;.7' ; 32 x 1 350* or a> 45 : 25 nearly. 

Hence It .ippcaii, tiu: 64 prs. ai\- in b,'th cafes (181) 
more propLt for bncrln;; in breach tlian 32 pvs. and the 
folc realun why they are not ulai in tlw attack of places, is 
the ditficuh y 0/ tranlponing atid working t'i.:ni. 

155. Since 
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185. Since folid and refiding bodies are demoli(hed by 
the diviiion of their paits, and thofe that are lefs tenacious 
by the penetration of ftiot into them (182, 183); bodies 
partaking of tliefe two phyfical qualities, are demoltfhed in 
a com})ound manner (iSi, No. 3): of this kind are walls 
built of brick or fimilar materials. The effects of (hot on 
valls arc much modified by the proponion that the force 
of percuffion bears to the refiftance. When two (hot of 
difftrent diameters penetrate to great depths, the holes are 
in the ratio of D' «<* ( 184 J : but, if one penetrate to a great 
depth, and the other but a little way, tins proportion will 
not be juft ; /or, the hole made by the latter, is lefs than 
what refuits from the exprefTion D' a* ; fo that if its force 
be only fufficient to overcome the refiftance, it will bury but 
a fmall part of its circumference. Hence it is ealy to com- 
prehend, why (liot projedled from 8 and 4 prs. are fome- 
times infufficient to beat down walls of this kind j while 
that they produce all the effedts expected from them, when 
fired againft other walls. The direction of the (hock, con- 
iidered relatively to the thickneis of the wall, likewilc con- 
tributes to modify its effedis : a (hot that with great impetus 
impinges with a direct (hock on a thin wall, paifes through, 
and only makes a hole, without Ihaking or difutiiting the 
contiguous parts : but, if a wall of ihe fame quality be thick 
enough to receive all the f rcc of the (hot, it, befide making 
a hole, (liakes and looftns the reft of the v\alJ. A fingle 
wall is fooneft dcmolifhed by firing againft it directly with 
fmall charges, or obliquely with large ones i (ince the (hot 
not being able to pafs tiirough, it receives all its force : the 
fervice of artillery in richochct and hot-firing, is difcufTed in 
the fubfequent treatife. 



CHAP, IV. 
Qf the Effects of Cannon Shot in Engagements. 

1 86. IN forming a train of artillery for the fervice of 
an army in the field, there arc fcveral points to be confix 
dered : the nature and difpofltion of the ground ; the kind 
of war that is to be carried on -, the intended plan of o})e- 

N rations j 
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rations ; the number and quality of the iroops that compoft 
the army, and their manner of fighting. 

A general commanding an ^rmy, ihould be acquainted 
with the efieds of artillery, that he may kno\¥ when it can 
be employed to advantage ; and how far, when judiciouily 
and flcilfully ferved, it can contribute to the attainment oif 
bis objeft (14I1 142). 

187* In countries where the tr^nfport of carriages is attended 
with no great difficulty, the train of artillery that march with 
armies, are compoled of nicciium guns, caft of metal con- 
taining 7 of tin, a.d carrying balls of 16, 8, and 4lbs (64). 
Thefc guns arj divided into brigades : the hcavieft ihould 
not weigh more than 32 cwt. as the bridges cunflructed by 
the peafants for their carts and waggons can fcldom fupport 
a greater weiglu ; bcfide, if th.e road he not hard, or have 
been fpoiled by i)rcccding rains, it will be iinix>(rible to move 
heavier j;uns, even at the o^)cning of the campai^rn ; and, 
in autunm, when the roads are generally ciccp, the cattle will 
be exhauftcd v^ith the fatijjues they have already undergone. 
Therefore, the /pedes of artillery fljould be always adapttd 
to the nature of tie country, 

. In carryinii; on oileniive operations in a champaign coun- 
try, the train of artillery fliould be coiiipoftd of 8 prs. ; to 
which may be uJ.dal a few 16 jjrs. tor occallcns of great 
exertion : thv.rc (liould be a Ilw ihort iiiilit inms (97) to 
sccompany any c(>r|)> of t:je arn.y that i':.:jy Lc dciUncd by 
rapid marclies to f-!l imI the enemy's con.ivvs or cut off their 
detachments. In de:': hilly countries, ihort 8 and 4 prs. 
fhould be -he lieavicft pnns ufcd : inilceil, ati exact know- 
ledge of tlic nature of tii country is tiic l>cli lule for detcr- 
mininii the calitjre as well . *' number of the ciuns. 

'xVhcn t'»e army is to rui. *n on tb.e clefLnfive in a coun- 
try v'lure the roads are toicr... v level and good, and there is 
no j^reat proljahiiity of being ohr . .*d to make very long movc- 
mcnis, tl;c number of i^t prs. (i...'ild '"•' (greater than would 
follow an army ac.ing c rrentlvely in tl.^: \.ii. country ; but 
if this defenfive fyiK'm l>c carried 01. in ". ^rong country, 
where the tranfport of carriages is di^nculi, »;., ? long and 
rapid marches maybe indifpenfibly neceiury ; the biiiades 
of artillery fhould be {o conlHtuted as eafily to keep up with 
the army. Any pod that the general may \\\'}^ to occupy 
and tnaiiitain during the campaign fliould be provided with 
guns of large calibre {71). 

Having 
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Having already treated of the nature and importance of 
thefe pofts in the 6th Book of Military Architc<5hire, I icave 
it to the profeflfors of the academies to explain them fully to 
the cadets of the royal corps of artillery ; that being equally 
mailers of the principles of ta£^ics and fortification, as of 
their own profeflion, the fervice may on every emergency 
reap the greatell benefit from their knowledge and exertion. 

1 88. Thefe guns are able to bear the largeft charges ; yet 
diey fhould not be ufed but in cafes of abfolute neceffity and 
when they cannot derange the firing : in all other cafes, the 
charges ought to be proportioned to the initial velocity that 
the projectile fliould have to produce the defircd cfTedt. for 
example, the medium charge may be ufed in enfilading 
columns of troops ; as the fhot from its greater velocity will 
dellroy a greater number of men : but if the lefs charge will 
impel tiie fhoi from front to rear of ihe column, the medium 
charge would ferve no other purpofe than unnecefTarily to 
heat the gun. Againft an enemy drawn up three or four 
deep, the lefs charges Ihould be ufed ; as the leafl charges 
may from fome negled in wadding be uncertain in their 
execution. 

1 89. From the defire of firing quick in aflion the greater 
pan of the fhot do not take effect ; fince in working the 
guns with fucli precipitation, there will moft probably be a 
want of attention m loading, laying, or fome other eifential 
point. The frequency of tiring fhould be regulated by the 
certainty of doing execution ; thofe who are actuated by any 
other motive frulirate the defigns of the general, and are the 
caufe of all the bad confequences that may enfue : they can 
neither be juftified by the anxious defire that the troops ex- 
prefs to kc them fire quickly, nor by a chimerical point of 
honour, which is by fome individuals abfurdly placed in 
firing fo many rounds in a minute. Whenever the diftancc 
is fo great or the objedt fo fmalL that the chance of hitting 
it is very uncertain and precarious, it would be much better 
CO ccafe firing and wait till by a nearer approach or by fome 
movement of the enemy, an opportunity offers of doing 
eSe£laal execution. 

190* In engagements, the enemies troops are the objc<Ss 
igainft which cannon fhot are diredted ; it is therefore highly 
nccefTary to know the cffa&s that fhot of different diameters, 
and with different velocities, can produce upon a body ot 
troops, according to the diflances at which they engage ; 

N 2 oihcrwife, 
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oiherwife, the artillcrift will in a variety of cirriJmr,ancc5 btf 
unable to ufe his gun to tlic greatcft adv:.nt:!::i; ^ ;.; , '. 

In hnng at infantry, the height ab »^'' b-: \)htv: of the 
ground is about 6 feet, and in firit!^ .v. c.^\:j::y n-jt mure 
than 10 feet; wliercfore tho dilrinvre lliMilii ncvn exa-cd 
680 yards, except when the cncmv is drawn up lu deep, tiiat 
the (hot can hardly fail of ta:;.ing cltict. 

The execution tf cannon ihot in acri.ri is cfiimarcd from 
the number of men that are killed, or wounded in fuch a 
manner as to be di fabled from furtlier immediaie fcrvice : it 
is unneccflary to confider the depth of the woihids ; as a 
man Hruck by a cannon ball is gc:iera!ly incapacitated, at 
leall for the prcfent. The great (.bijct or the ariilleriil " /; 
*^ to endeavour to jirlke with each Jh:t the great eji number of 
** men pojtble^' (141 142) : this de;)ends ; 

J, On the difpofiiion of the enemy, and the nature 
of the ^^miind. 

2. On tiie calibre of t!ie guns and the judicious ufc 
of round im" cafe (hot : 

3. On tlie velocity with which the (hot are impelled, 
and the diiiance between the bartcry and the enemy. 

191. There are two cafes with rey;ard to the nature of the 
ground (190 No. i); the firfl, when the two armies are 
drawn up on ^rmund ncnrly on tl;^* fame pl^nc ; the fc.ond, 
when liijv r.re on planes di;L". j^itlv in^Iinjd. When they 
are both ori tlie rain-; \)\\v.c. wlict!:- .* iion/ontal or inclinai, 
t!ic fii.-tV.cc crcpol'jd to the :.:': or" \\.-: caiiriO'i is a part of the 
tir/l line ; llvmld this hi- x'.-.: \\:.A «'f a coluir.n, or tlie ilank 
i)f a boily oi iinops iai.;.-ai in (ji'.'.r ol bailie, the ihot by 
cnliladii..: tlicni will be VwTy .!c!tri:.!ivc. But if the enemy 
bi! drjv.n l:j) time or t(/.:r djcp in t:unt of the gun and 
V. iiImu ;M*nj)LT (li.tanje, l:/.c llu: will c!j moit execution ; 
i'i.iwJ a r«junJ ihot can ii I'^.is cak-, only carry olT a file of 
tli.ceor fi'.a* men, wiiat-.^ er h^ i'.s dianvjirror veiocity. 

1^2. Wicn th.e two ariHi..'> .ire on di;\!"eiit plants, the 
cxccn'vion of the artillery nuiii (!v:j)en(l on ;Iic extent of front 
•and (Isipth (;f f. !■,..-.: on cor.ii.ij.in;^ t!.e principal cafes that 
tjn ojcLir in i!;^ iwo L:^.nL:::i dir^'jiiuons of an army, viz. 
t::av a ;ip in coinnin, or iii.,* ; it will appear : 

*. lint if the e:v:iny be drawn up in column on the 
u pe CiV ineliiiui I >wards F, tlie head only of the 
v.o..i".jr4 G i'l. 6. 1 .... 21.) W'U be e\poied to the carv- 

nou 
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non A : cafe (hot will then be preferable to round (hot, 
if the dulance A G admit of it. 

2. If the column be on the flope GE inclined to- 
wards E or on the hcij-rlit N B M ; it will prcfent to 
the cannon A an object of great extent, and be from 
its fituation very much expofed : the cljfer the ranks 
are, and the deejKT the column, ihi more dellrudtive 
will be the fire of the artillerv. 

3. If A B be wifhin range of cafe (hot, its ;;rca*eft 
cflPedt will be at i\ B A I, where from the divergence of 
the (hot each mav iiri!:c a man ; while that in Cr E 
much nearer to the c^un, the /hot not havini had time 
to fpread, each man will be Hruck by two or three, and 
the execution will ot courfe be lefs. 

4. When the column reaches the horizontal plain 
P E, it will fuffer Icfs than in the former fituation : if 
A and P E be nearly in the fame plane, fewer men 
will be expofed than at A P : the cafe (hot ihould then 
be compofcd of balls of the largeft diameter that eich 
of them may kill or wound more than one man ; and 
then every ball that ftrikes will enfilade the whole dif- 
pofition. If P E be lower than A, fo that the guns at 
A murt be much deprcfled ; cafe (hot compofed of the 
fmalleft balls will be the beft ; fincc from the greater 
number their efFedt will be equal to that produced in 
the former in(^ance by the large balls ; thtrj being in 
this cafe no probability of efiablifhing an ei fila^le. 

5. The enemies army drawn up three cr four deep 
upon the height G will be cxpofed to the fame danger, 
as when in column on the (1o;)e G F ; but by retiring 
a little, G will ferve as a parapet, under the cover of 
which they may fecurely fire at A. 

6. Should the enemy be drawn up three or four 
deep upon the llope E G, the greateft effect of a round 
fhot will be to carry off a file of men even when the 
ranks are very clofe : bur if there be a confiderablc in- 
terval between them^ cafe (hot, when the difUnce admits 
of it, will be moft defirudive, both m this infiance and 
when the enemy has advanced to the horizontal plain 
PE. 

193. The dirc£iion in which guns fhould be fired depends 
» Che initial velocity of the (hot, its diameter, and the di- 

N 3 ftancc 



^fianctftom die enemyj thcformalii*=:^, 5=:^^^^ 

(l65« 166} will jgiv«ifbliitim oT the problem. 

The opinion of Ibaie artillerilh, that guns in time of 
mSSoa ought'.^wiqrt to be fired horisontally, or at mod with 
^4«CCc of devatkx), can onty*be jull in particular cafe; 
. 'OW nllowing exaoiple will evince thit nccelfity of fometiinn 
devhtii^ irofn this maxim. Let the gun A B (PI. 5. 
Tig. 14.) be fired in the horizontal dia-;"tion A tj vMth the 
d^rge dnt pvea an initial vdodty of t^jh tci.-; , snd tram 
4bt tcfifltnceof the air, r=9. 5. Now inj-ipofid^ ihc cun 
"■od theeneoiy tobeinthefamc horizot:: : p .ni. -, F.ct kG 
npnbas the vertical diAtnCe between :;.: ^. j \<\ >r:c! AC. 
pPl KG will dien exprefa the fpao. = -^ ',>::r<Ml i!a< u;:li 
l^the power ofgravitf, and by fubflimt[><;j; the value o: KG 

'intbefbro»]liS=3zl.S_it will give the time of thelhoi'i 



fight brfbre it touch the ground in the plane D F : then bjr 

fiibflinttiog in the fonnula ;= — - die known value of /« 

4hc cxttotof therangeAK=DG=f will be found. For 
fxample, .f KG=5l feet, ihc timci^f will be 56 parts of a 
fccond; and by fubiluuiing the values uf c,r,i in the for- 
mula, ^=760 feet. To ftnke the gromul ilien in the 
fame plane DF at a greater diOance, the gun mull be 
elevated in proportion to the iacreafe of diflance ; IliouW the 
enemy be at ff where the (hot touches tlie ground at ihe 
firft graze it will only ftnke his feet ; to liU him in the breaft 
the gun muft be elevated. 

194. The more clearly to explain this theory, and enable 
Others to apply it to (he practice on feveral occafiaiu that 
occur on fervice, (he foliu^'ing table has been calculated: the 
gun an^ huit are fupi-ofcd to be in the fame plane, and from 
the refinance of the air r= 12 in a 321b. fhot j the wads are 
rammed with equal force and in tlie manner before cxprdled, 
(14^, 1^0) i except in the <]uicli firing, when nooe ai« 
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195* Many pra3ical inferences may be deduced from this 
table : 

1. Guns of the common leneth loaded with the me- 
dium charge Ihould be elevated lialf a degree above the 
horizon to range 340 yards, and i*" 20' to range 680 
yards ; the Cicvation muft be greatly increafcd to range 
1000 yards. The lefs the calibre of the gun is, the 
higher muft be the elevation. 

2. The elevation of fhort guns fired with the lefs 
charges muil be greater than of guns of the common 
length to raruc the fame diftance. 

3. If a ihort 4 or. loaded with the lefs charge, range 
1000 yards, the line of defcent is 278 feet ; wherefore 
the (hot's path being a curve of the fourth kind, it will 
do much lefs execution in enfilading troops, than (hot 
fired from guns of the common length whofe path is a 
curve of the fecond kind. 

4. The elevation of fhort guns loaded with the Icaft 
charge increafe in the ratio of the dift..nce : thus the 
curve defcribed by (hot fired from 8 and 4 prs. to the 
diftance of 1000 yards is of tne fourth kind ; from the 
angle of incidence they can be of no fervice in enhlading, 
and are very uncertain : the angle of incidence "^ 168) at 
the diftance of ico'j yards being much larger than the 
an^^le of elevation, if the fhot tall on fcft ground they 
bury thcmfclves at the firil gr-aze. 

5. Shot lircd from Ihort guns with the leaft charges 
and without wads, whic'i raiiiie only 680 yards, alfo 
dcfcribe a curve of the fourth kind ; they are confe- 
queritly uLIefs in enrilading, and their execution is 
un.crtjsii. 

6. It to thefc reflc'?iions be added the confidcration, 
that in pointinj (h.jrr guns the eye is more caiily de- 
ceive 1, from x\\: pioximliy of t'le two points of fight, 
than ifi longer ;:iin> ; and that in the latter the ande of 
elevation o. '•■•;. I^fs, the angle of incidence is lefs alfo ; 
fo that the Ihoi on toucii.iig the giound rife and from 
their ricliOwhct ure very dangerous : it will be evident 
that to deiivc from tlic ufe of artillery the g.eateft pof- 
fmlc advantages. lofjg guns Jhould ever he preferred to 
Jhj t ones of' the Jam: cai.hre. The good eft'tai* rcfult- 
ing from thia will be more fully difplaycd in the feijuel- 

196. To 



OF PROJECTILES. 20I 

196. To form a comparifon of the effefts that (hot of 
diflercnt diameters with tiifterent initidl velocities produce at 
different diibnces on a body of troops ; tliey muft be 
coniidcred as a homogenous butt : then the formula S=D«* 
(183) will give the lelaiive penetrations. The abfolute 
number of men that a (liot with a given initial velocity will 
pafs through may be determined by expenment. 

The relative penetrations in tlie following table have been 
calculated on a fuppofuion that rrom the refinance of the air 
r=i2 in a 321b. (hot, in order to compare together the 
number in this and the preceding table (183). The caU 
culations are not carried beyond 680 yards, which is con(i« 
dcred in field engagements as the greated diHancc that (hot 
can range to, with a certaint) of doing execution ; in extra- 
ordinary cafes indeed, when the nature of the ground and 
the pofition of the enemy are very favourable (19a), the 
range may be extended with tolerable fuccefs. 

The relative Penetrations of Shot projefted from different 
Diftances with given initial Velocities. 
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197. To reduce into numbers the relative penetrations 
infcTibed in the tables (183, 196), make the following or 
iimilar experiment : with a charge that gives a knciwn initial 
velocity, fire a gun againd a butt, and meafure the penetra« 
tion of the (hot : then place two horfes or other cheap 
animals clofe to the fame butt, and lay x\\t gun fo that the 
ihot after paffing through the mod folid parts of their bodies 

may 
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may enter the butt : on meafuring the penetration, it will be 
found lefs than the former; and by comparing; them togetlier, 
the number of horfes that a (h** of a given diameter, with 
the fame initial velocity, could pafs through, may be aicer- 
tained. On comparing the reiitUnce ot a horfe's, with that 
of a man's body, the number of men that the fame Oiot 
vrould pafs through may be ealily calculated. An h lb. 
(hot, with an initial velocity of 1450 feet, will pafs through 
20 horfes ; and in this table it is prel'umed on tolerably jd( 
grounds, tliat the fame (hot would pafs through double the 
number of men, even if it i^ruck the mod foiid parts of their 
bodies ; the number therefore that may be Rruck in lefs re- 
filling parts of the body and dilabled niuil be greater, and 
may even exceed twice the number of the former. The table 
has been deduced from the former proportions (183, 196;. 

Number of Men that can be pierced by Shot proic(5tcd from 
different Diftances with given Initial Velocities. 
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198* Several inferences of great practical utility may be 
drawn from tliis table : 

I. Guns of large calibre fired at very fhort diftanccs, 
with the large or even the medium charges againft a 
corps of troops expofed to be enfiladed, will caufe much 
more flaughter than 8 or 4 prs. efpecially if (hort with 
the leaft charges. 

a. The relative effeSs of guns of diflFerent natures 
increafe in the ratio of the didances; and there is greater 
difference between the calibres of the guns and the 
charges of powder. 

3. Guns (hould never be fired without wads, except 
in particular cafes, and when the enemy is very clofe. 
Thus when 4 prs. or (hort guns compofe a field train, 
it is not becaufe they are equal In their effeds to longer 
guns of large calibre, but only becaufe heavier guns 
cannot be tranfported with the fame facility. When 
part of an army is to remain on the defenfive in a fixed 
poft, the fame arguments will evince the propriety of 
giving the preference to longer guns of large calibre. 
199. If the enemy troops be drawn up three or four deep, 
the cflfeds of an oblique fire will be greater in proportion 
as the ani;Ie of incidence on their front is more acute; fincc 
the refiftance not being fufficient to turn the flioi, it will 
penetrate in the direction in which it impinges. On the 
contrary, the effect will be lei's, the nearer the angle of inci- 
dence approaches to a right angle ; fince it will then only 
deftroy a linglc file, whatever be its diameter or initial velocity. 
In this cafe, if the two armies be within reach uf mufquet 
(hot, the fituation of the artillcr)' men will be very pcr»Ious: 
for eight paces at leaft muft be left between every two guns, 
to give the men room to work them ; tach gun is then ex- 
pofed to the fire of eight file of mufquetters ; or in other 
words, each artiller\-man to the fire of three or four niuf- 
quets. Thus at a finglc difcha ge, all the artillery men may 
be killed or wounded -, while one round from each 2Mn can 
only carry off a finp;lc file of the enemy : wtien hah ot the 
artillery-men are wounded, th.e gun muft ceafe firing ; hut 
the fire of the mufquotry will be incefTinily kept up, in pro- 
portion to the number of men that reniain. 

200. The fluid generated in a piece of ordnance is fo much 
the more abundant and elaftic, as the body it muft impel 
towards the muzzle is heavier ( Treatife on Powder )# 

Whencs 
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Wbeiiee it is Cttfy to conceive ; tf in ; fiivo fiioUl 

into a gun, the velocity of each muft n«ceffiirily exceed-half 
of the velocity that one ihot with the £iine charae would jj 
ac^uiie ; and the quantity of motion of the fin^ flwt it 
lefs than the fumof thequantitiet of motion of die two (hoc: ^ 
but in afcertalning the efieSs of the three (hot, thdr fami 
after pafling*through the mca and horfes heing'fuppoicd to he 
entirely fpent, the equation SsDir* which expreflts the efiefla 
of one (hot muft be changed ; and to make up thejexce&i^ 
the jiutial velocily of each dP the other two fhoc otnift exceed:* 

ar v^ i ; and each (hould Arike a feparate file: The 
portion between the initial velocitv acquired by one (hoi 
fii^y, and that acquired by each when two (hot are find ^ 
' together with equal charges, can dnly be determined by ex* 
perimenr, as it changes wlienever the charge is alteitd ; bat ' 
it may be remarked, that in pradice the velocity of each of 

tfie two fliot is lels than » \/.|i wherefore the expedient of: 
potting two (hot into a gun can be only advantageous when 
' the enemy is drawn up in fuch a manner, that each (hot i 
has fuflicient velodty to carry off a file. For example, (up- i 
• pofe the enemy be drawn up eighteen deep, and each of tiiQ ^' 
Aiot fined together from an 8 pr. could (hike a feparate file ' 
• with an initial ydocity of 978 feet, each of them would de- * 
(Ifoy 18 men (197) : under this fuppofition there would bo 
36 men deftroyed by the two (hot ; while a rtiot of the fame 
diameter, fired fingly with an initial velocity of 1450 fcet» 
could deftroy only 18 men ; then its remaining velocity fuffi- 
cient to dellroy 2a more would be ufclcfs. 



CHAP. V. 



Or THE Effects of Case or Grape Shot in 

Engagements. 



aoi. 1 HERE are federal kinds of (hot that come under 
this head : one is formed of fmall pieces of iron of different 
Ihapes and fizes put into cylinders of tin or pafteboard ; the 
bafes of which ^e clofed by two circular pieces of wood. 

A fecond 
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A fccond called cafe fiot^ is compofed cf fmsll Iron balls put 
into tin cylinders; ur regularly difpoied in linen baps taitcned 
to a wooden bottom, in the middle of which is a fpindle, 
and wound round wiih coid or wire; the laiicr prcfent liic 
appcarai!cc of a bunch of grapes, and are Q^^l^^d grape Jt)ot» 
1 hv tirft kind is generally ufcd in the defence cf places ; 
and Hred from the low fianks, where in fpite of their diver- 
gence they are ufeful in fcouring the ditches and countcr- 
fcarps: thcreliftance of the air, from the irregularity of their 
figure, renders them in effect more uncertain than fpherical 
fliot ; bur as the objects againd wliich tlicy r*-^ fired arc 
a]wa\s verv necr, tlir- ;., . . • ; : . .;. . j '' r :■ * .xecuri^n. 
The fccond kind .^ _::-::»,.' ■:.;:^. ^.. - ; : '*. /ice, as 
the balls d'v.. :-. '-.:, aiiU, from their fpnt/i...: : jure en- 
countcrir.' \i'» .chlhnce in the air, rci,:ir far:h:T. 

2C2. i'. me late war^, ou*" trjins cf atiliery were formed 
of 'Ti£d:um4 prs. (64) : the cak-lhot forlLeic lliHs contained 
6v or b± ieadcn Lullets, each we'?hir.2 - of an Oi-r.ce; the 
whole weighed nearly ns much is a ro'jnd (hot of the fame 
diameter. In oidrr to ailtrtain thc:r ciTects, ihe officers of 
artillery in 174.3 made the folio. -ip^ t.xijerimtnts : a 4 pr« 
was filed agninlt a target of pJank t^ ivct in length by 10 
in height, erected on tlu fame hori/o-.tal [-iane v.irh thegun; 
fo that fomc of xV.c balls sfrcr ei-wir.. rol'c and r*ruck the 
target: cafe and chij '.^yA wer^ nrtrd, b".*t no difference in 
their effects w»s perc- j-t/Je. In vx nrA experiments, the 
charge was 1 lb. icoz. of pcv.i.'er, i: J -^ver *he wad, 
ifchich wai well ramnv.d, w-s pliccd t!.e cafe : at the dif- 
tance o^ aco yards, only 3 or 4 balls llruLk the targer. 
The gun being moved 3:: \urds nearer, 9 cr ic bu-lls ftrucic 
it; but the greater ] art cid no: jij ilirci./ri tlie planks, 
which were an inch tliick: thofe tiiar {\\^C^ were partiy 
melted, and two or three were found in different pJsces 
flicking together. At the feccr.d cxpcrln^crt, the cafe was 
placed imnriediaiely over rlic prv.dwr ai.d a wac* rar.i:..ed over 
the whole: at the diraricc of 17c \aids verv fc.v of the 
balls went through the planks, thougi. ihc rtpurt cf the ex- 
plufion was as loud as at the formj'- cxp^rim'^nt ; others had 
not force enough to enter, and thofe tliai ftruck v m much 
more liquefied than before; 4 or 5, and at ore ti:ne 15 
¥fcrc found flicking fo dofely together as to form a juinj; of 
lead. At other experiments, when the cafe was placed o%er 
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the powder whout a wad, the bolls it 170 yards ftfnck 
the targ^ with rather more force, and were not liquefied, 
tboo^ the report at the difcharge Was more ftebie tlun at 
the fecoiid experiment. At each round, the number cf baBs 
that firuck the targa was between -j- and -J- of the whoiei 
and I or y of thefe ftruck it below a horizontal line drawn 
5 fixt from the ground. 1 he greateft divergence of the 1 
balb at this diftance was 60 feet, but frequently not movD 
than 33* 

ao3. Some roimds being fired from the {ame gun at lytt 
yards» with i i lb. of powder ; the number of balls that fln|cl( ^ 
the tamt was between 4 and i of the whole, but their fofctf^ 
was leis : in thefe, as in the former experiments, a wid wa 
ftmmed over the powder j in the fccond, a wad ofcr 1 
the whole; and in the third no wad was ufed. Twocrftt 
being put into a gun and fired together, the number of bddi [ 
that ftruck the target was between ^ and ^ of the wfaolt 
iramber in the two cafes; many. of thofe that touched ^ 
target had not force enough to penetrate. The gun bciM . - 
temoved to 200 yards and Jired again with two cafes, sAnot*^. 
^ of the balls Aruck the target, but with much lefs fafObk 

204* It refuhsfrom thefe experiments (202, 2^3) : 

1. That cafe-lhot of this nature (hould never be 
fired at a greater dirt jncc than 200 yards, againft obgeds 
not exceeding 10 teet in height. 

2. A wad fhould be put between the powder and cafe; 
but as fbmeiinies ia quick firings this mud be dif- 
pcnfed with, the balls will yet have force enough at 
200 yards to wound a man. 

3. That tl e greateft poflible effedl of cafe (hot is 
when fired againft an enemy drawn up in form of a 
vaft amphitheatre betwetn 17c and aco yards diftant, 
by putting two cafes into the piece and ufing the lefs 
charges or powder. 

4.. That with one cafe, 6 or 7 men of the front 
rank may be ftruck at 170 yirds; and ftill a greater 
number when two cafes are put into the gun : when 
advanced nearer to the enemy, the balls will pafs 
through the bodies of the men in the front rank and 
wound thufe in the rear. 

5. That the firing with cafe (hot (hould commence 
at 170 yards in order to acquire a fuperiority over the 
enepiy's mufquctry > the eficdt of platoon firing at that 

diftance 
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diftance is uncertain, while cafe (hot fired with judge- 
ment will (Irike at each round a certain number of 
men. 

At other experiments (202, 203) with cafe (hot com- 
pofed of iron balls i oz. in weight, the whole cafe 
weighing as iTiUch as the round (hot of the fame dia- 
meter j it refulted that at 200 yards, 3 or 4 balls (Iruck 
the target, and at 170 yards 8 or 10 (truck it; the 
force of thefe balls feem to exceed that of the leaden 
bullets. 
205. Thefe concludons agree with what has been ad- 
vanced on the fame fubject, in the practice of artillery and 
the elements of tadtics. it will be (hewn in the fequel, that 
greater advantages may be derived from the ufe of field pieces 
than has been hitherto done, in confiantly maintaining a de- 
cided fuperiority of fire over infantry drawn up in front 
of the guns ( 199) through the ufe of tin cylinders fiilled with 
iron bills weighing more than i oz. 

To afcertain this, the forci and direction with which each 
ball is impelled, and the proper elevatioji for the piece (hould 
be confidered : the two following tables will give a juft idea 
of their force; in the firft are fet down the relative penetra« 
tions calculated (183) on a fuppolition that the initial ve- 
locity is 1450 feet, and that from the refiftance of the air to a 
321b. (hot r=z 12 J in order to form a companfon between 
thefe and the former tables (183, 196) : in the fecond are 
marked the refults of the former experiments (197) and the 
penetrations infcribed in the fird table are reduced to abfolute 
numbers* 
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' Number c^ men that can be pierced in (he mott taSA 
pnt> of die bcxly by cafe fhot, of the following weig^ 
. pr^efled from diSereotdiltaiices, with an initial vdod^ 
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X06. From thefc premifcs (i90> 191, 192) it may be 
inTcrred. 

I. That when balls of which cafe (hot are compofed 
weigh 130Z. each, every ball can pierce a iUe of 20 
men, when fired very clofe ; and 4 men at the diflance 
of 680 yarda. If each ball weigh 6| oz. it can pierce 
16 men when very near j 10 at 170 yards ; 3 or 4 it 
510 yards ; and one only at 680 yards. If each ball 
weigh I oz. it can pierce 4 men at 170 yards; and mor- 
ully wound i man at 340 yards ^ the latter W expreflcd 

by 
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by the fraction { ; the fame ball at the difbnce of 680 
yards ^ill hardly make a contufion^ vihich is expreiied 
by the fraction ^/.-y. 

2. Balls of 1 oz. at 170 yards, thofe of 3} oz. 21340 
yards, thofe of 6| oz. at 510 yards, and thofc of fjoz. 
at 680 > aids, produce the fame eftect; viz. of dcftroy- 
ing 4 men; which evinces the propriety of ufing cy- 
linders filled with large balls for great diftances, and 
with the fmallcr balls for rtiort dillanccs. 

3. On comparing the numbers in the two tables 
(197, 205,^, we find riat an 8 lb. fhot, with an initial 
velocity of 1450 feet, will pafs tl. rough a fife of 40 men 
when fired very clofe to tncm ; 28 at the diflance of 
340 yards, and 18 at the diftance of 680 yarcfs : while 
a 6 J oz. ball will only dci\ro> 16 men wl:cn very near, 6 
at tl^.e diftancc of 34c yards, and i man at 68 ^ ' ards ; fo 
that vMthcafe-lhoi of tuis naiurc, ir 5 ball> Hrike 5 fepa- 
rate files, the effects vhen very ntar w;ii be 16 x 5=:£o 
men dellroyed, 6 x 5 = 30 men at 34.C yardi, and 5 only 
at 680 V3n:s. Hence it refults, that ti:c e/Fefts of cafe 
Ihot fired under fimiiar circumftances^ are greater than 
of round (hot of equal diameter, when the didance docs 
not exceed 34c yards ; but at 68o yards round (hot have 
a decided advantage 

207. Thcfe remarks (2':5, 2':6) are applicable to every 
cafe that can occi r, allowance bein^ mace for the diffcrtr.ce 
of the initial velocjtlts ; wl'.ercfore the eftcct of the initial 
velocity on calc (hot i'.npelicd w\-h a ^\\en charge of powder 
(houLd be afcertained. It has been found expcrimentajiv, 
that when the balls are reeu!ar:v arran?ed in tlie tin cylinder 
in the manr.er that will be hereafter pointed out, and are 
equal in weight and diameter tothc corrdponding round (hot, 
the greater part of them arc impciicd with the fame initial 
velocity as the round fnot, but the remainder with lefs ; 
provided the charges be equal. This rei'ult is conftant ; 
hence the effects of cafe (hot fired from different diftances 
with different charges of powder may be determined witli 
fufficient accuracy for practice (2C5). 

208. In firing cafe (hot, the balls are cbfcrved at firft to 
take a divei^ing dire£^ion, and for a certain dillance to form a 
kind of a cone ; the bafc of which is towards the object fired 
|U, and the vertex towards the gun. 

it is impoflible from theory alone to determine the di- 
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region that cacli bill taki-s after ilic cafe is broken -, lire* 
thecontaaof ihe balls ami their reciprocal prcflu res aUheAr- 
chjrge and at t lie coin m e nee meii> of ihcir dlvctgentc arc un- 
known : It inuA then as tar a& pL-tTiblc i>c aMrt^iiied cxpcri- 
ment^Iy. 

Experiments made with the greaicft atvcntion hare given 
the following rtfult} ; 

1. Thi-uanical figure is pr^fervcd for a certain dl- 
Dancc; after wliicli it is entirely loft. 

2. The propoition between ilic fufiuation of the cantt 
and the point where it bci^i^i^ to lofe the regularity of iti 
figure depends on tlie lizeol the balls, and their initial 
velocity ; the dilUnce will be lels in paoporlion as liw 
balls are finaller, or their initial velocity h(s, 

3. At equal didaiices, balls impelled (roin guna of 
the common length diverge much Itfs than balK of ths 
fame weight and diameter impelled from Ihorter gum 
with the fame charge. This muft be a familiar retnark 
to fportfnicn who have ufcd fowling pieces of diferait 
lengths. 

4. When the balls arc ranged in the cylinder in regular 
order, they diverge much lefs than when put in car^ff- 
]y i thofe of 1 3, 6^ and 31 oz. may be regubrly difpofed 
in tin cafes of the diameier of 16, 8, and 4 prs. ; and 
fuch only will be in future coniiderfi : 1 oz. balls 
ihould be difpofed in the cylinder in the moft conve- 
nient manner, and fired at any diftance lefs than 220 
yards. 

5. From certain diftances a greater number of men 
maybe ftruct by cafe than by round (hot, if the gun 
be pi^operlylaid. 

209. The angle that the axis of the gun (hould form with 
the horizon is determined (165, 166) on a fuppofition that 
the balls in the tin cafe are impelled in the dircd^ion of the 
axis, which is not always juil; as tlicy fomeiimes quit the 
cafe under different angles. The leall error in loading or 
pointing a gun may render a round (hot of no effeil, but be 
of little coiifeciucnce in living with cafe (liot. 

210- In order to lliew in one part of view the moft inte- 
refting particulars in the ufe of cafe Ihot, the fallowing table 
has been calculated; the initial velocities of a 32 Ibf Ihot 
arc fjppofed to be 1450 and 1206 feet, and r= 12 lor the rcr 
' fiftan:e of the air, to enable the reader to compare it with 
the former ubles. 
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III. From this comparifon the following. practical] infe> 
fences miy. be drawn j # 

I . Halls of 3^ oz. that with an ii^tial velocitiy of 1450 . 
feet range 680 y^rds, defcritke a curve' of the fecoM 
ki/ld } the remaining force at that diHance may be ex- 
fm^kd hif tbciradion i-^^ ; but it is injudicious to firs 
cafe fliot of this nature at fuch a diilance, as their cxe* 
cutioo is trifling : i oz. balls ought never to range 680 
*yztisj as they defcrike a cul-ve of the fourth kind, and ' 
ar» totally u4tefs in cnfJading ; thdr remaining force 
msiy be expreiTed by the fraction ^,7 and i$ hardly 
fenfible. 

2 BaHs of 3ioz. that with an initial velocity of 
1450 feet range 510 yards, defcribe a curve of the fecond 
kind, and may be of fcrvice in eniiiading j but as-the? 
can deftroy only one or two men, this is the greateft ' 
dillance at which they (hould be tired : as to i oz. baDs, 
though at 510 yards their curve is of the fecond kind, yei 
as the expreffion of tlieir force is y, the diftance is too 
great: 340 yards fhould be their longed range^ tbe 
expreflion of each bail is th?n |-. 

3. Asa ball of 6^oz. with an initial velocity of 1450 
feet can only dedroy one man at 680 yards, it fhouM be 
confidered as the greateft diftance ; though from the 
nature of the curve, it might ftill be ufeful in enfila* 

^ ding. 

A bail of 13 oz. with the fame velocity and at the 
fame diftance will deftroy a r.:e of 3 or 4 men. 

4. When the in'tial velocity is 1206 feet, the cur- 
vature of the hncs of defcent is greater than when it is 
1450 f:et; confcquchtly cafe (hot with the former velo- 
city are lefs prop.r for enfiladir)g : they fliould only be 
ufed at fliort diftances, in proportion to the difference 
between the adual velocity and 1450 feet. 

5. A finall charge of powder can only have the 
fanje cffe£is as a large one, wi^en the enemy is drawn 
up 3 or 4 deep, and fo clofe that a linglc ball can carry 
off a whole file : the fame obfervatio** holds good with 
refped to (hort guns, fince from the initial velocity 
(151) their range is fhort. 

6. The number of balls that, v;ith velocities ecjual 
to or lefs than thofc above mentionel, v^ill ftrike an 
objedl of certain dimensions at a given cliftance, can 

only 
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of cafe (hot containing balls o( equal diameter find 
from an 8 {V. and the diftances be equal; the eflfedi 
of the i6 pn Will in certain cafes be greater than the 
eflfeds of the 8 pr. ; for the fame reafon, the (hort 8 pfi 
(66) is fometimes to be preferred to the common 4 pr« 
as in the inftance of the. enemy being formed on 
floping ground in figure of an amphitheatre, (as hap* 
pens in mountainous countries) and very near the bitt« 
tery i the 8 pr. cafe containing double the number d 
bdlt that the 4 pn cafe does, will do more executiaoi 

5. By tncreafing the number of balls in the cafe, the 
Inithd velocity, and of courfe the effedi of each b 
fenfiUy diminifhed. When fired againft troops difpofed 
in very deep order (^200) on an amphitheatre of hilb, 
and very near the batteiy, the greater the number d 
balls is, the greater the flaughter will be; and as in 
this inftance, two cafes may be put into the gun at the 
£ime time, it will be fufficient if the weight (^ each be 
equal to that of the round fhot. 

6. When the enemy is drawn up in very deep onkr, 
the medium . charge of powder fhould be preferred n 
the'Iefs, both with round and cafe (hot; the diftanceal 
virhich each nature of (hot (hould bt ufed will be beft de- 
termined by recurring to the preceding theory (206, No, 
3), and the rcfulis of former experiments (211 No. 6). 

7. If it be nccefTary in the courfe of a campaign 
to place fome 32 prs. in a fi^ed pofl, five kinds of cafe 
fhot (hould be prepared for them : the hrll with 16 
balls of 26 oz. to range 850 yards: the feoond with 
32 balls of 13 oz. the third with 64 bails of 6 J oz. the 
tourth with 128 balls of 3i oz. the fifth with 3H4 balU 
of I oz. the four lalt may be fired under the rellridions 
already laid down. 7^he two former may bs of excel- 
lent (crvice in the defence of places at the opening ol 
.the trenches ; but as the balls fpread very much, thej 
(hould be ufcd with caution, left they hurt the detach- 
ments of the garnfon p<Mlcd in the advanced works. 

213. Balls of hamm;ired iron are the beft for cafe-(hot ; 
but, if from motives of ceconomy they be made of caft iron, 
the metal (hould be of a hard and tenacious quality, or the\ 
will break to pieces at the explofion : the number that break 
increafe in proportion to the augmentation of the charge. 
£ach fhot therefore before it is put into the cafe, fhould b( 

placed 
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placed upon an anvil, and receive a fmart blow from a heavy 
hammer; if they Hand this pruof, they an fit for fervi e. 
The cylinder oi tin fhould be of the fane diameter as the 
correfponding round fhot ; one end is c^ofed by a wooden 
cylinder ij or if inch thick, on which tli^ lirP row of balls is 
regularly placed, putting into the interftices fmall pieces of 
wood to keep them firm : the balls of the fecond row are 
placed over the interflices of the firft, and each row is fixed 
with chips or fcmething of that kini^ to prevent their moving, 
when the ammunition waggons pafs over rough and ftony 
roads ; which might break the cylinder or deform it, fo that 
It would not enter the gun. All the rows of balls being 
thus difpofcd, the top of the cylinder is clofed by a cylindri- 
car piece of wood | an inch thick, nailed to the tin, and 
marked fo as to be eafily diftinguifhed from the bafe; and on 
the top is marked the diameter of the balls contained in the 
pife, that the artillery men may make no miAake in the na- 
ture of the cafe-fhot, or in the manner of placing it in the gun. 

If mailic be ufed inflead of chips, to fix the balls in the 
cafe, its tenacity will increafe the force of the powder and 
the balls will diverge lefs. 1 he bed maftic for this purpofe 
is made of melted pitch and powdered marble: but the quan- 
tity fliould be proportioned to the force of the charge ; for if 
it be of fuch tenacity that the cafe reaches the object before 
it breaks, or breaks very clofe to it ; all the advantage arifing 
from the proper divergence of the balls would be loft : the 
effcA of thefe projectiles being evidently as much diminifhed 
by too little as by too great divei^nce (190). 

214. To derive from artillery in field engagements the 
fuUeft advantages (212 j» the following rules ihould be ad- 
tiered to : 

1. Brigades of the heavieft guns in the army (hould 
be pofted at the points whence it is propofed to make 
the greateft efforts againft the enemy , or where the 
briikeft attack on their part may be expeC^ed : and the 
guns of fmaller calibre placed fo as to favour the princi« 
pal attacks and diltraCt the enemy's attention. 

2. In pofting brigades of artillery in a defenfive j(itua<» 
tion, a parapet, ditch, hedge, pallifadoe, chevaux do 
frize, or other obftacle, (hould be placed before them, to 
keep the enemy in check i in cafe they advance with 
fixc^ bayonets. 

3. There (hould be to each brigade a refprve of ^iU 

O4 lery 
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Idhf ix^en covered by an epaulment or the autmunt^dtt . 
Iwaggons, to replace without \oh of time any that may fo ' 
killed or wounded* If it be judged expedient to dfaW 
tip ati army In two lines, that the troops of the fecocul 
line may in cafe of neceffity be brought forwards to 
replace thofe in the firft; with equal reafon (hould thtf 
number of artillery-men be fufBcient to keep up the 
6re from the cannon with proper vh^acity during thtf 
i^hole engagement, in fpite of any lofs that may be fuf*' 
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^Hx £ir>ECTS or THE Howitzer aKI} 8pr. com- 
pared. 

li$« XN thelaft century, guns from 6 to 7 feet in lei^h 
Vwreufed to projeA Aones, cafe (hot, &c. from befiqged 
places : the (hortnefs of thefe guns and the largenefs of their 
calibre generally adapted to a (hot of 24 lbs. gave rife to tilt 
idea of the howitzer ; the proportions of which vary among 
diflerent nations, according to the feveral ufes for which they 
are intended. The longeil howitzers I ever faw were 6 
diameters of the muz/Jc in length of bore, with a cylindrical 
chamber capable of contaitiing i lb. 10 oz. of powder: the 
bore of the Aiorteft was 4 diameters of the muzzle in length* 
with a cylindric chamber containing 1 lb. of powder. I'hc 
long ones were ufeJ in the im{)erial army which Prince Eu- 
gene of Savoy commanded againft the Turks, and the fhells 
fired from tr.em arc laid to have caufed great deftrudlion and 
-difmay among the Ottoman cavalry. On the other hand, 
the predileftion for this Ipecies of ordnance was much abated 
at the battle of Guajialla^ fought on the jgth of September 
1734; where our cavalry of the left wing was neither dif- 
ordercd nor hurt by the fliowcr of (hells fired by the enemy, 
but ttiade feveral charges with great effeft. As the Ottoman 
cavalry generally charge in an irregular, defultory manner, 
they prefent a mu.h iar2:er obje6^ than our cavalry drawn up 
two or three deep with clofe files; being therefore very much 
cxpuied, tlic explofion of the (hells will be more dcftru^live 
am.mg thcin, than in the regular movements and difpo(itions 
pradtifed b\ us. Whatever may be the reafon of this diffe- 
leacC) we will only con(ider the phyfical effeds of projec- 
tiles 
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tiles impellaJ from a howitzer 6 diameters of the mu2'' 
IrIc in length of bore, and compare them vvith thofe o£ 
the 8 pr. (183)9 in order to afcertain the diforder that each 
of thefe pieces can feverally proJuce among a body of troops: 
leaving it to others to difcufs the moral eitieds refulting from 
the ufc of howitzer (hells, which have by many authors 
been fuppofed to be very great : a difquifltion totally foreign to 
our purpofe^ as the abfolute confequences can neither be cal- 
culated nor depended on; for it has happened more than 
once, that troops, which had at the beginning of an en* 
gagement been thrown into diforder by the fire of artillery, 
have at length recovered themfelves fo far as to defpife the 
former obje^ of their fear, on finding that their apprehenfions 
had greatly magnified the tffe&s of thefe feemingly terrific 
machines. 

216. yf Jhell is find from a howitzer with a view of di* 
Jfroying the enemy both by its fl)ocky and explojion on burfiingX 

its greateft effedts are when, having enfiladed a body of 
troops and being quite fpent in finking men or other objedts, 
it burfts in the midft of thofe that remain. To convey a 
jufi idea of the comparifon we propofe drawing ; let the how* 
itzer be equal in length of bore to an 8 pr. of common lengthy 
and let them both be loaded with 3! lb. of powder: the 
elafiic fluid on quitting the chamber of the howizer di** 
lates towards the chace, and exerts agcinfi the fhell lefs 
prefiure, than the fame quantity of fluid generated m the gua 
exerts againfi the (hot ; confequently its initial velocity is 
lefs. As a howitzer 6 diameters of the muzzle in length of 
bore is only half as long as an 8 pr. and as the largefi charge 
for throwing a (hell 16 lbs. in weight is i lb. 10 oz. of powder 
(215), this projediile muft have a much lefs initial velocity 
than an 81b. (hot impelled by 3^ lbs of powder, with the 
wads well rammed. The initial velocity and the /peciflc 
gravity of the (hell being lefs than tliofe ot the (hot, the air's 
refifiance will be greater ; and conkquently its penetrations 
into the fame butt will be lefs. 

217. There are two methods of afcertaining the effedls of 
howitzer (hells : the flrfi is, by firing agam(^ a butt at dif- 
ferent elevations and difiances, and comparing the penetra- 
tions of the (hell viith thofe of a (hot nred fi-om an 8pn 
The refult will exprefs the proportion between the cfi'cCiS of 
the two projedliles, though the hole made by the howitzer 
(hell will be much larger tlian that made by the (hot : but the 

velocity 
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vdocity widi whidi the (hdl impingep on flie butt and ft» 
feecific gravlt bdng lefs than thofe c? the (hot, the penetnK 
Hooa, provided the butt be of a proper confidence, will be left 
dun would refult from the formula fS --- D »* (i8a)* 

The fecond method, it t6 find the initial velodty of the 
AdQ fired at difiertnt elevations ( 1 67. ) 
'.^ As the difierence between the elevations «and the cor- 
re^pcMiding velocities will be greater in the (hdl than in the 
fhot; it will be neceflary, after having afceruined the inttial 
velocity and the value of r=the refiftmoe of the air, to %ad 
the remaining velocity = V and fubftitute its value in the for- 
mula D « % in order to obtain the penetrations of the fliell 
fiippofing it to be folid : but as its weight is left than the 
Ibecific gravity of a (phexe of folid iron of the iame. diameter, 
ttie expreffion D«* muft be diminiflied in the ratio of itt 
adual we^t to iu weight when folid $ whkh will then nearly 
gjve the abfohite penetration to be compared wkh-chat ^ 
the (hot 

. 2i8* Thefe experiments having been made with a sf^indi 
bowitser aiKl r =^ i a for the refiAance of the air co a 3 1 lb. Am^ 
the remaining vdocities of the (hell fired with proper eleva** 
tion to firike the butt at the diflferent diftanoes are infertcd In 
idle following table, and alfo the correfponding idative pene- 
trations, fuppofing the (hell to be folid and the butt eafily pe* 
netrable. 

Relative 
The velocity with which the (hell impinges, penetraiiont, 

Yardx, Feel, 

Shell fired clofe to the butt 472 5} x 472* 

At the diftance of 340 364 5^ x 364* 

At the diftance of 680 286 5^ x 286* 

The weight of the howitzer fliell being to a folid fphere 
of iron of the fame diameter as 7 to 10, the above penetra- 
tions will be reduced to -r^ and will be as follows : 

Relative 
penetrations. 

Shell fired clofe to the butt ^350 

At the difiance of ^40 -^ 1404 

At the diftance of 680 -^ 869 

Oa 
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The number oc aae::i nviscjigr, v.ti vxsrjk^r vi' le ^r 
if the leaft refioiniZ rara s? z-jt zjrjij -jt hricx v: '^-.^ if 
marked in the cs>e ^ zicjzxx, b:r. 

220. On oocpirjias r^ ^zie:::^ if 2 hcl aru Iicr : ^-^ , 
it Is apparent that ;n rstpe^ r'^ i:je ihiu'u. ^''"^^ -n/ .hat 
common 8 pn- bet e'-^n ir/xt t-ta frtii "»^ • 'v: jcak 
charge are more dolnictive toaa zjt zrjmi^er , «rc: r.&- -tj^ 
only advantagefl^ Utter ha» cvsr ir.»szi 4 vvsv^ie rjdl 
btirfls at 680 yarSs. A homvaa ureL orsl ac3ir4T rre : .rz 
of an army will fddc.n ranze t^ ;arc)^ «xi ri^r: rr.<a 
it is mere chance, if it burn m ire midii cf a zx^ij -J r-ti. : 
ihouU not this happen, or Ibould iz by xcn^x tceak a^^-r^ 

anooe 
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f fiondf or thtf filn- be extifig;iii(hed by filling mto lift 
ground* its eficds will by no mctos equal the cthti% of the 

an* The remarks on the t>enetnition9 of flielU co oipired 
to (hot Will pfocilely applv to the length of their refiiC^tive 
ricbochets. That the firft graze of the fhell and (hot may 
be at the fame diftance* the howitzer muft be more elevated 
than the gun i the ihell confequently will not fe eafily reach 
ita deftination, the angle of incidence beine lefa acute ita 
force will be mofe deadened by the fell, and its richochett 
Ihortcr. and fiewar. 

322. To afcertain the efici^ of 'a howitzer loaded with 
cafe fliot equal in weight (to the (hell, it fuffices to remail; 
that the iniml velocity of each ball is equal to the initial ¥o^ 
locity of the (hell (207) : which being found by ^pcrimcnt, 
and a round of cafe (but fired at tlie fame angle of eleva.* 
doD, the penetrations of the balls may be eafUy determined 
fus)* Suppofe the balls be projeded from diffiearent di- 
ftancesy thai- on comparing the relative paietratiocis with 
thofe in the preceding table (205;* or wi:h others product 
by velocities left than 1450 feet, it will give the ratio be* 
tween the effe&s of cafe (hot lired from a howitzer and a 
gun. I'he initial velocity of a fhell fired horizontally or 
nearly fo, is about 474 feet; the following will be the pene* 
trations of the cal'e d)ot. 

Weight of balls. Very near the butt. At the difiance of 

C7^. 170 yards. 

6i — 803 — 138 

3i — 640 — 59 

I — 444 — 6 

On comparing this with the former table (205), the pene- 
trations of bails projected from a howitzer placed ciofe to the 
butt.i are to thofe of balls of equal diameter impelled from of 
agunwithaninitial velocity of 1450 feet; as 803:7580 ;oras 
10:94 nearly: and at the dUlance of 170 yards, as 138: 
4624 ; or as 1 : 33 nearly. 

%23> But as the howitzer contains three times as many 
balls of the fame diameter as the 8 pr. and 6 times as many 
as the 4 pr. this difference fhould be likewi#^eftimated. To 
this end, the relative fituation of the trcK^ againft which 
they are fired muft be coniidered. 

Suppofe a howitzer and an 8 pr. to be on the fame plane 

with 



or PROJECTILES. 22t 

with the enemy and equally diftant from them ; the num- 
ber of men in the Brd rank ftruck by the cafe (hot from the 
howitzer and by that from the gun will be in the ratio of the 
bafes of the two cones, that is lefs than 3:1; each man 
firuck by the howitzer, will be touched by more balls than 
one: but when the enemy is drawn up in very 'deep order, 
the cafe (hot from the gun will make more havock, as from 
the greater velocity, it will pierce a whole file; and the 
greater the didance, the more will its cffcSts exceed thofe of the 
howitzer, on account of its greater remaining velocity = V. To 
make tbe comparifon clearer, fuppofe circumftances the moft 
advantageous to the howitzer; viz. that at 170 yards, it 
fthkes triple the number of men; under this fuppo(ition, its 
greateil cffetb will be to thofe of the gun as 3 x 138 '.4642 : : 

1:11. 

234. Again, if the enemy be drawn up on a ri(ing ground 
in form of an amphitheatre, and fo near that each ball may 
ftrike one man ; the effects of the howitzer will be to the 
8 pr. as 8 : I and to the 4 pr. as 6 : i : but if three rounds of 
caie (hot be put at once into the 8 pr. it will regain its fupe* 
rioritv, the number of balls being then .equal, and the initial 
velocity of thofe projeded from the gun, being greater by 

' ■ (200) than of thofe projefted from the howitzer; 

they will range farther and do more execution : the 8 pr, 
is therefore to be preferred. It was (hewn in the former 
part of this wo:k, that there is no danger of the gun burit- 
ing, if 3 cafes be fired at the fame time j and this lias been 
fully confirmed by experience. On comparing a howitzer 
6 diameters of the muzzle in length of bore, and a com- 
mon 4 pr. charged with i lb. 10 oz. of powder; the latter, 
except when the enemy is very near and drawn up on an 
amphitheatre of bills, will be more deftrudive than the 
former. If the lengih of the howitzer be curtailed, the dif- 
ference will be ftill greater. 

225. In conftructing howitzers, that from the great fize 
of the chambers may project (hells with a greater initial ve- 
Idtrity and from the increafed diameter contain larger (hells, 
the preceding refledtions (hould be had in view : the car- 
riage and the wheels, for inftance, (hould be madfe (Irons 
enough to rcfift the greateft cflForts of a large quantity c? 
powdei'. But when the (hell is projefted with twice the 
initial velocity fuppofed in the courfe of this compafifon, 
Ac howitzer will yet be inferior to tlie 8 pr. 

226. There 
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226. There aft fnrticular cafes however, where the boir^ 
Hour may be veiY ufefiil ; as in the attack of poOs wWe die 
«Bemy is perfis^y covered from cannon fliot: the fiieDs boat 
the curve line that dieydefcribe may then beof cj M eBen t 
fevkc ; or, in the attack of towns or villages^ where hxgb 
quantities of draw, hay, faggpts, or other combnfiible ma* 
teriak are depofited. Some pieces of port fire compofidoa 
assy be put into the (hell, which on burfting will oommu* 
aicate the flame to every thing around : by tbefe meanSf 
towns and mag^ines may be c^fiiy fet on fire. 

227. The howitzer may in the following cafesbe ufefiil 
in the attack and defence of places. 

]• In a fortifiied town, when the cafemates or capo-, 
nicres are too narrow to admit guns of the oom^ 
mon length; l^witzers are then preferable to flMXt 
cyns of c>lindric bore, ' as the explofion of guns of 
farge cidibrt foon deftroy the embrazures* 

2. To prevent as much as poflible the incoovod* 
cncies arifing from the fmoke in cafemates and capo- 
cieres, and yet be able to preyed cafe (hot widi the 
grciiteft initial velocity ; the howitzers may be lengdu 
ened if there be fufficient room s this will ta fome noea* 
fure bring back the pierrse^ guns formerly in ufe. 

3. In the attack of pbces, fome howitzers may be 
planted on the batteries deiigned to fire a richochet, to 
enfilade the covert way and its branches : efiential fervice 
will be derived firom this mode of ufing them ; fince 
befide the deflrud^ion they may caufe among the be- 
fieged, they foon filence the fire of the infantry, and 
cover the workmen in carrying on the approaches. 



CHAP VII. 
Of Shells projected from Mortars. 

228. X HIRTEEN and 10 inch mortars arc much 
ufed in fieges : 1 5 inch mortars are now generally difufed ; 
as from their great weight when properly reinforcc^l, and the 
fizc of their chambers, they were very difficult to work on 
the batteries : when the thicknefies of metal are diminiihed 
and the chambers reduced in fize, their ranges are fo much 
ibortened, that the fhells do not fall with more force than 

thofp 
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tliofe proje£led from 13 inch mortars; they are moreover 
very cumberfome and hci-vy. 

229. The principal advantages to be derived from (hells 
may be reduced to the three following ; 

1. In (leges, to difmount the enemy's artillery and 
bombard cities. 

2. To fet lire to and overthrow works, and produce 
havock and diforder among troops. 

3. To break through the vaulted roofs of barracks, 
magazines, cafemates, caponieres and other military edi- 
fices, that have not been' con(lru£led with fufficient 
ftrength to reC\(\, the (hock. 

Ten inch mortars are generally adequate to the(c purpo- 
fcs; hence on principles of ceconomy, 13 inch mortars are 
ieidom ufed, unlefs the diilancc be too great for the fmaller 
mortars : their figure being' the fame, their longeft ran- 
ges are nearly in the ratio of 4:5. Of (hells of the 
lame conftru6^ion, the largeft are undoubtedly the beft for 
fetting fire to buildings, efpecially when fome pieces of port 
fire compo(ition are put into them : the fplinters are more 
de(truiSiive to works and buildings than to men, and the 
har(her the quality of metal of which the (hell is ca(t, the 
greater number of pieces it will burft into. 

Shells made of a very tenacious iron are beft adapted for 
penetrating the vaulted roofs of barracks, magazines, &c. 
that on coming in contadt with a hard body, they may not 
break before they explode : by dimini(hing the interior ca- 
vity of the (hell, the force of the (hock and its refiftance to 
the explofion are much increafed. 

230. Our anceftors, in eftablifhing the proportions of 
(hells, conceived that the thi^keft part (hould be oppofite to 
the fufe ; that from its fupcrior weight, it might always come 
firft to the ground, and in (\riking againft hard bodies be 
lefs liable to break. Hence they fuppofed alfo, that the 
ihell, though buried in the earth, would always burft, (ince 
the fufe would remain uppcrmoft ; but experience has proved 
that ihefe effcds do not always take place, owing to the ro- 
tatory motion of tlie (hell ; the force of which overcoming 
the preponderance of the heavy part or bottom, makes it fall 
on every fide indifcriminately ; and when it enters a clofc 
compact foil which flops any communication between the 
fufe and the external air, the fire is foon fmothered and 
extingui(hed. When the fufe is not driven far enough into 

the 
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^hc (hei!, it frequently happens that the (hell beginning ta 
turn before it quits the nnortar, the head of the fufc flriket 
iigainft the muzzle, and breaks off; thus, if the fire has not 
penetrated beyond the eye of the (hell, it may reach the ob^ 
y&, but will not burfl. 

231. The difference in the form and fizc of the cham- 
bers, the various purpofes for which they are ufed, and the 
different qualities and modifications of powder render it ne- 
ceiTary to alter the charges and elevations of mortars. 

In the larged mortars, the initial velocity of a (hell in- 
creafes in proporrion to the charge ; hence to obtain the 
greateft initial velocity, the chamber fhould be filled with the 
ftrongeft powder, a tompion of wood plated immediately 
over it, and both the tompion and fhell furrounded ¥rith 
fified earth well rammed ; that from the increafe of refift- 
ance, the inflammation of the powder mny be more inffaui- 
taneous, and the fluid more abundant and eiaf^ic. An increafe 
of elevation alfo adds to the initial velocity, even with equal 
charges j fince from the greater refiltance oppofed to the cx- 
plofion in this poiition of the mortar, the fluid generated in 
the chamber acquires, before the ihell begins to move, greater 
denfity. 

The fame eflTecls do not take phce in mufquets, though 
fired at ditfertnt elevations (1 reatife on Powder). 

To prove that the initial velocity of a Paell is modified by 
the elevation -, fire the fame mortar with two equal charges^ 
but at different elevations ; for infrance, at 70° and 20* : the 
(hell will range much farther at 70° than at 2C® ; though, 
from the llieory of projectiles, fired /;; vacuo ^ the ranges 
(houUi be equal ; and fired in tl.e open air, the fecond fhould 
be the longeft. Ry varying the chartije of powder in the fame 
mortar, it has been found, that there is a particular elevation 
which with each tharge gives a longer range than can be ob- 
tained from the fame charge at any otlier elevation ; where- 
fore mortars fhould not be fixed in their beds at a certain 
elevation, as from the t'leory of projectiles many have ima- 
gined fhould be tlie cafe. The elevations that give the 
longeft ranges, differ very fenfibly in two mortars of different 
calibres, but of fimilar proportions, charged v*^ith a quantity 
of poAder proportionate to the weight of their lefpeflive 
(hells, and the fize cf tlieir chambers. 

232. it is evident, therefore, that a knowledge of the 
various circumrtances that conduce to the effectual ufe of 
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mortars, muft be founded on theory, and derived from 
fcience (142, 231) ; confequently the generality of bombar- 
diers are very ill-qualified for this fervice : but from the 
fmall number of officers, there being freqcntly a neceffity 
during a iiege, of leaving the direSion of mortar batteries 
to the bombardiers, a particular form of inftrudion has been 
exprefsly made out for their ufe, calculatec) for unfcientific 
men, that they may be enabled to do their duty with pro«r 
priety and effcit. ror this purpofe the ufe of fhells is re* 
duced to two principal cafes ; (229) the firil con(i()s in dif- 
mounting the enemy's artillery, deftroyine buildings, fettlng 
fire to and overturning works, and cauhng diforder among 
troops : the fecond, in breaking through cafemates that have 
not been properly conftru<9ed. 

233. It is fufficient in the firft cafe (232) that the fhells 
be projeded with juftnefs, without much regard 10 the 
force of the. (hock ; this may be attained by obferving the 
following inArudions, which are within the comprehenfion 
of every man. The bombardiers fhould praJtife with 13 
and 10 inch mortars of the common conftrudion; after- 
wards with fome of the fame calibre, but with chambers of 
difPerenc dimenfions, in order to convince them that a dif- 
ference in the (ize of the chamber confiderably afie£ls the 
length of the range. 

1 . They (hould know the elevation that gives the 
longeft range, when the chambers are filled ; and alfo 
the beft elevation and charge fcr firing from the batteries 
conOru£ted in the fird and fecond parallels, when the 
beiieged town and the bartcries are in the fame plane. 

2. They (hould be made to obferve that a difference 
in the form of the chambers in mortars of the fame 
calibre, induces a nece(rity of altering the elevation, 
and alfo affeds the range ; apd that with the fame 
mortar, the ranges dimini(h in proportion as the eleva- 
tion is greater or lefs than that which gives the longeft 
range. 

3. They (hould be taught aUays to load the mor- 
tar in the fame manner, when the fame charge is ufed ; 
fince to negligence or milhke in this particular, may 
be attributed many of the varieties that occur in the 
lengths of ranges : and that with the fame charge, 
the error that may tend to (horten the range, will not 
add much to the defledion of the (licll. 

? 4. As 
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4. As ' a difference in the qualitv of the pomieff 
in the moifture and temperature or the atmolphcR« 
confiderabiy affe^is the ranges, they (houM be taught 
to make allowance for thcfe circumftances, by ele- 
vating or depreifing the mortars | by increafing or de« 
creafing the char|i(e. 

5. They Ihould fire at a butt with the degree of 
devation that gives the longeft ranget ^tnd incrcale or 
diminifli the charge till they Atike the olgeA : this will 
convince them that kfs irregularity enfiies from aher- 
ing the charge, than from altering the elevation i (at 
tj^c more the elevation deviates from that which gives 
the longeft range, generally between 40* and 50^, 
the more irr^ular arc the ranges. 

6. When the obje<fi is to fire at troops or enfilade 
works, it is better to lay the mortars at fmail efcvatioos, 
that the (hells may not bury themfdves^ 

7« When the plane of the mortar battery is below 
the plane of the obje^ it b much eafier to projeft the 
fliells with juftnefs, than when they are both on the 
fame, or the mortar on the higher, plane. 
A34. The Ckod4 cafe (233} viz. to break throu^ cafe- 
mated buildings, requires much theoretical knowledge in the 
officer charged with the execution of this piece of fervicc, 
in order to determine the fituation of the mortar, its pro- 
per charge and elevation ; that the fhell may impinge on 
the obje& with tlie greateft poffible force. Suppofe a (hell 
projected from the point A, in the direction A P (PI. 6, Fig. 
22) has defcribed a curve A F N B L of the fourth kind ; 
in order to determine the force that the projediilc has in 
each point of this curve, the direition and quantity of com- 
pound velocity at each point muft be found. For this pur- 
pofe it is neceflary to have a fcale of the fpaces paflcd through 
in times of unequal movement (170, 172) from whence 
may be deduced the fcale of correfponding velocities : then, 
to afccrtain the direction and quantity of compound velocity 
at the point K, in the perpendicular line B P, make B E equal 
to the correfponding velocity at this point, of a movement 
B P unequally a:ce'erated by gravity ; draw E H parallel to 
A P, and equal to the velocity which at the. fame point B 
corrcfponds co the retarded movement of iinpulfion A P ; 
then tlic right lin.: H B will exprefs the direction and quan- 
tity 
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lity of compound velocity, which the (hell has at the point 
B (168). 

235. From the conftru^lion (234) it appears; 

1. That if the point F reprefent the vertex of a 
curve, F C will exprefs the horizontal direSion which 
the fliell has at that point, and the quantity of compound 
velocity, which is lefs than the (hell can have in iny 
dther point of the curve. 

2. That the compound velocity at the point N in- 
creafes in proportion to the diftance of N from F : 
that the dire6tion of the compound velocity forms a 
very acute angle with the horizon, when the point N 
is very near to F, is lefs acute in proportion as N is 
farther diftant from F, and becomes a right angle 
when the fhell has loft its movement of impulfion ; 
vhich in pradticc is always greatly below the plane 
A B : the velocity of the projedtile is then reduced to 
the unequally accelerated movement of gravity. 

3. That the angle formed by the diredion of the 
ihell with the horizon, approaches nearer to a right 
angle, in proportion as the angle P A B is lefs acute : 
on the cotnrary, when the mortar is fired at a very 
fmall elevation, the angle formed by the direSion of 
the fhell and the horizon, can only become a right 
angle, in a point L far dilhnt from the horizontal line 
BA. 

276. The formula w V x . , ,. — =/* (178) fjrvcs to 
^ whole line -^ ^ ' ' ^ 

<xprefs thcforceof the fliock of a fhellagainfta plane, of which 
the inclination is given ; the application of this formula 
will be rendered more familiar by the following remarks : 

1. The force of the fhell N increafes, in proportion 
to its diftance from the vertex F of the curve 5 (ince its 
compound velocity alfo incrcafes (235, No. 2): the 
force of the fhell at the point B being exprefled hy mV 
— z« X B H is greater than its force at the point F, 
becaufc B H is greater than C F. 

2. if the ftiell at the vertex F flrike at right angles 
a vertical plane, it will impinge with all the force ex- 
prcfTed by « V := w x C F 5 fmce in this cafe, the quantity 
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reprefentt unity : on the oontnu79 if the Ihdl Jl the 
point F meet a horizontal plane, irir^; in this cafe, 
there will be no (hock, and the (hdl will roil upon the 
plane. 

1;. If the (hdl Arifce the point B in the plane Z> 
ined to tiw horison with a iittSt (hock, its force 
will be to the force of a (bock on the horizontal plane 
B Q^ as the whole fine is to the right finessir of the 
ani^e of incidenoe H B Qj wherefore, if the (hell in- 
jfcad of (farikiug the horizontal plane B Q^ (bike 
the inclined plant I O, the force of the fbodk inrill be 
kfs i and will be in the proportion of the right fine of the 
angle of incidence HBi to the fine of the angle 
HBQ. 

4* If two (hells be projeSed from two mortars of 
dimrent calibres, but of fimilar proportions, fired with' 
the lamft quantity of powder, and with the fame de- 
gree of elevation ; the largeft ihell wiU have the oioft 
force in the corrdfpondiqg points of the curves, owii^ 
to its fuperior weight, and greater compound velodty 
(229); fince it defcribes a larger curve. 

5* If two (hdls of dificrent diameters, (ired as above, 
in correfponding points of their curves (Irike two ob- 
]c&s in differently inclined planes, the (hock of the leaft 
ihell may exceed that of the larged ; becaufe the angle of 
incidence of the latter may be moft acute, 

237. To ftrike with a direct (hock, and with great force, 
a fuperficies whofe po(ition is given (234); it is neocflary : 

I. To place the mortar fo that tiie axis produced 
may cut the vertical plane of the objc6): ; and that tlie 
curve dcfcribed by the (hell, be at right angles to it at 
the point of impad. 

2. To ufe the largeft quantity of powder that the 
chamber of the mortar can contain. 

3. To obfcrve the relative pofition and figure of the 
given fuperficies, whether flat, or convex like the rtx>f 
of a cafemate ; whether horizontal or inclined. 

4. Thence to determine the diftance that the mortar 
• (hould be placed from the obje<Si: and its proper elevation. 

238. It is obferved, that the curve defcribed by (hells 
does not always cut the vertical plane of the object, in the 
diretSlion of the axis of the mortar, but defledls from it fo as 
to defcribe a double curve. l*he folid fphere of bronze 
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projc<3ed from the eprouvette-mortar^ when it reaches the 
vertex of the curve, defledts either to the right or left, though 
it be very denfe, ar^d its furface very fmooth. The deflec- 
tion of (hells, whofe fpecific gravity is lefs, and centre of 
gravity diftaiit from the centre of the figure, and which from 
the ears and the head of thefufeprefent an uneven furface to 
the air is greater : the tufe, from the rotation of the (hell 
round its axis, defcribes a kind of picciloide. 

This defle<^ion does not much dimini(h the force of the 
Ihock on a flat, but on a convex fuperficies its e(Fe6ls are 
very confiderable ; for, however fmall the deflexion may be 
to the right or left, the angle of incidence inflead of being 
right, becomes very acute. This circumftance merits a 
more particular examination : 

239. Suppofe in the firft place, that the fuperficies B to be 
impinged be flat and horizontal like the ramparts of for- 
trefTes, (PI. 6, Fig. 22) under which are cafemated barracks 
or magazines, covered with thick layers of earth well ram- 
med : in order to break through thefe cafemates, the mor- 
tar (hould be placed in Q^ very near to the point B, and laid 
at a very high elevation, as 75° or 85S ^^^at the angle of 
incidence may be nearly a right angle. If the diflance from 
B to Q^ be (hort, and the plane of the mortar much higher 
than B, the compound velocity of the Ihell will be greater, 
fincc the angle of incidence approaches nearer to a right 
angle, and the, force of the (hock will be greatly increafcd : 
the reverfe will happen if the morrar be much lower than 
the objed; infomuch, that if the (hell on reaching the 
vertex of \xy curve, meet a horizontal plane, it will roll 
upon it without penetrating (236). This firll fuppoiition is 
the mod favourable to the tStii of (hells, the vertical plane 
cutting the plane of the objed at right angles ; and the given 
fuperficies being generally of great extent, the mortar may be 
placed, fo, that the (hell will always fall on it, in fpite of 
any trifling irregularity in the length of the range. 

240. Suppofe in the fecond place, that the plane to be 
impinged, be jr B Z, inclined to the horizon A B ; the mor- 
tar muA then be removed fo much the farther from B 
towards A, as the angle A B jr is the greater ; the axis of 
the mortar produced (hould pafs through a vertical plane, 
fuppofed to cut Y Z at right angles. The di.^ance between 
the mortar and objed, and the proper elevation for giving a 
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dired Ibdck^ muft be determined from a knowledge of the tmo 
unequal movements that fprm the curve ( 17O9 272) ; and the 
initial velocity produced at a certain elevation, known by previa 
oufly firing a few rounds to afcertain the quality of the 
powder* But if the law of die two unequal movements 
cannot be obtained, the officer mud have recourfe to the 
treatife on curves, and their greatefl am^)iitudes ; in order (o 
determine the diftance AB, and the angle of elevatioOy 
taking notice that in eeneral thefe inclined planes form with 
the horizon angles Kom 30^ to 45^, and that the initnil 
velocity of the (hell increafes in proportion to the greater 
elevation of the monar : by properly combining thefe cir« 
cumfhinces, he may, without removmg the mortar a great 
way from the obje£l, procure an oblique (hock of greater 
force than the dire<^ (hock that could be obtained at a 
greater dUbnce with a lefs initial velocity ; fince the grcaisr 
the diliance the lefs will be the elevation, and the lefs, of 
cotirfe, the initial velocity. Under this fecond Aippofitiea, 
deflexions to the right or left do not much dimini(h die 
force of the (hock, but a very fmall error in the amplitude 
is fufficient to prevent the (hell from impinging on the ob» 
jtSt ; fmce theie planes, in the direction of the mortar, 
are of no great extent, and from their inclination, the (hodis 
woulci be:oiiie fo oblique, that the end propofed could by 
no !iteans be attained (236, No. 3). 

241. Suppofe in the third place, that the fuperficies be 
convex, as ihe rovjf of a cafemate turned with a circular 
arch : tiie mortar (hould be placed as near to it as poflible, 
that from the iii^hcr elevation, the ihell may have a greater 
velocity j and m the diredion of the keys of the arches, 
that notAitr/M.idmg any fmall variation in the amplitude, 
they may (till be of lervicc : the lealt defledtion will be 
fuflicicat 10 render the fhock, which (hould be direS, very 
oblique. Agpin, if the fuperficies be convex, in form of a 
dome, the ilikrhtcil error in the direction or range will greatly 
dininiih :he icr.e or t!ie(hock ; fmce this I'upcrhcits d^'ciines 
on -rvery fide :V:);n ::)o perpendicular : whereibre, it is of all 
others thi: mo.ld»:Tici)lt ohjecl to ftrikc wiih a direct (hock. 

24.2. '"Vi.en trie uffieer iias determined the beft (ituation 
for directing tlie mcrrars airamft the objects he propofes to 
tombird ; tic will mform the bombaidiers of the proper 
e'cvalion ;hm\ ciuantity of powder, and point out every par- 
ticular uiai caa cjaduce to the l^etter execution of the fer- 
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vice : the bombardiers having been already trained at the 
ichool of pra6tice (233) will be enabled to execute with 
precifion and efficacy the order they receive. 

243. In bombarding military edifices, the (hells may fall 
on folid works of mafonry, built upon arches, or on foft 
fubilances, as earth, &c. with which arches are frequently 
covered, to fecurc them from fhells. When they fall on 
folid works of mafonry, they tend by their fliocks to pene^ 
trate and fplit the cafemates, and by their explofion to over- 
turathe counterforts, and ihatter the walls. 

Arches conftrudied on the principles laid down in the 
firft anci fecond books of Military Architecture, are capable 
of refining the moft violent ihocks from 13 inch (hells : their 
rcfi(^ance increafes wtien they are confer ucted of the heft 
materials, in a climate favourable to their acquiring great 
tenacity ; and when they are contiguous to folid and im- 
moveable bodies. 

In buildings totally detached from others, or built on 
eminences, the counterforts (hould be fo proportioned, as 
not only to r^fift the prefTure of the vaulted roofs, but every 
(hock to which they may be expofcd from (hells. 

244 All the effecl of a (hell falling upon a folid work of 
mafonry built on arches, is reduced, if the arch be well 
turned and made of clioice materials, to a fmall excavation 
in the place where it falls : it even often happens that the 
(hell breaks before it burlls, particularly when caft of brittle 
iron. But if the arch be not firmly fupported, the counter- 
forts not fufficicntly folid ; or in inlulated buildings not well 
proportioned to refill the (hock, and the unneccfTary thicknefs 
which mafens generally give to the arches, under the idea 
of rendering them impenetrable ; tjie fubftances in too fmall 
a mafs, as in detached powder magazines > or the Hone of 
of fo claftic a nature, as confiderably to incrcafe the ihock ; 
(Treatife on Moving Bodies) in all theft cafes the (liells 
will produce the defired effects^ A (hell on pcnerrat- 
ing a brick arch, makes a hole nearly circular, if the 
bricks be of a good quality : but if from the negligence or 
ignorance of the workmen, the materials be bad or badly 
worked up ; or if owing to the climate, they have not 
acquired a fufficient degree of tenacity, the (hell, befide ma- 
king a hole, will fplit and (hatter the building. 

245. Shells falling on arches covered with earth or other foft 
materials (243) bury themrelvcs without doing any mate- 
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■U ^qjuTfi it the earth hu been pioperiy prepited (Mi^trnf- 
^rdiitedure). Archa of thiikind willfufl^ia no dan ' 
from 10 inch Oiclls, nor will the building be much fl 
lired if the countcrforti are of proper dimoifioos : the oolf ) 
puiger i) that the eiplofioo of the OicU may carry off i 
Mrt of the circumjacent earth ; fo that by a number of tbA 
■Uixig on the fame fpot, the top of the arch may be cntirt^S 
wcovered, and, intibe events fiMid 4ht«Mb. T1wA'1H|1 
1>ifli to mter more paiticulai)y into the nMirauoioa of mff ]m 
iary edificet, «> enable them to refift- the force of Out «f^ 
iidls, may refer to the fifth book of Military ArchitiAai^ ] 
where the fub|ca baa been fully dtfcuflcd. 
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TIME OF WAR. 



1. In 



all well conftituted governments, the arfenals 
and places of Arength are furnKhed in rime of peace with 
artillery, ammunition and Aores of all kinds, fufficient to 
check the fudden incurfions of any of the neighbouring pow* 
ers ; without incurring any unneceflary expence, or pur- 
chafing any articles that are of a perifhable nature. Hence, 
as the peace ertabli(hment of troops is fmall, and the maga- 
zines are unprovided with many things indifpenfably requi- 
fite for the fcrvice in time of war ; whenever there is reafon to 
apprehend its approach, new levies are made, provifions and 
ammunition purchafed, the magazines filled, the fortifica* 
lions repaired and mounted with cannon, carriages for tranf- 
porting Aores and baggage provided, and a corps of officers, 
Don-commiflioned officers, and drivers formed for taking 
care of the horfes belonging to the field- trains of artillery. 

The proportion of each is regulated by the nature of the 
country, ard the kind of war that may be expedied ; whe- 
ther oflTenlive or defenfive -, in the capcity of principals, or 
auxiliaries ; whether the fceiie of operations be in an open 
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champaign country, or in one interfcdcd by rivers and canalf, 
or ilividcd by impenetrable forcfts, cxienfive muraflrE, or 
bfiy mountains. 

2. The ftorcs to be dcpoliTcd in (^e magazines during 
peace, confill principally of ihufc articles that arc difficult 
to procure in time of war, or that ti.quire much lime to 
manufacture and prepare ; as arms and iron work nf all kindc, 
fhot, Ihells, and every thing that mud be brought from 
foreign countries : deferring thecolle^ion of thofeihat can be 
procured at home, or are liable to be damaged by keeping, 
as wood, linen, &c. till the eve of the declaration o'' war. 

3. Taking it for granted then, that the arl'enals and placet 
of rtrength are abundantly provided with every thing rcqui* 
fite for carrying on a war uf any continuance; that the 
royal corps of artillery is CufBciently numerous; tnd that 
the non-couimtHioned officers and foldiers arc lully acquainted 
with the inRrudions comp.led fur their ufe in 1 770 ; 1 pro- 
poTe in this work, to enlarge upon the principal duties a( 
the fuperior and fubaltern oiticcrs, that the cadets having 
thereby an opponunity of knowing the duties attached to 
each particular Aaiicn, may be enabled to df.ertain what may 
Iw expciled from them on every emergency. 

4.. ("he objedtof an artil'cry-offieer, in the time of war, 
M lo difive the greafrj} , njjihie advantage from the ufe af ean~ 
Men, marlars, ^re-woiii and mines. The knowledge rcqiji- 
fitc for attaining this ina^ be cunfidered as two-lold: the 
one has refpect to the planning of enterprizes, in which artillery 
U employed i the other is folely confined to the executive 
part. 

5, In the planningof every cnterprize there are fix points to 
be previously confidered. The firlt is its nature and objc(£i : 
is a fortrefs for example, to be attacked or defended .' to con- 
fider, whether the attack can be befl carried on by regular ap> 
preaches, by aflault or blockade; and in a cafe ot defence, 
Tjvhether the greateft efforts of the garrifon IhouM be exerted 
»t the beginning, or referved for the latter end of the fiege; 
whether the ground will admit of countermines being ufed 
with effeft ; or whether the fortifications be of fuch a con- 
flruiilion, as to enable the garrifon to difpute the ground 
^h by inch with the beliegers. 

6. Inthefecond place, an officer (honld be well grounded in 
the principles of fortification and laddies, as well as in the 
tfi^ory of artillery ; and Ihpuld be tnaftec of the piadice in 

every 
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every part. There are certain particulars that ought to be af- 
certaiaed, before an officer can fafely give his opinion : in the 
cafe, for inllance, of his being confuhed about forming a field 
train of artillery ; he muft, before he is competent to decide, 
be acquainted with the nature of the country, the plan of 
operations and the ftrength of tlie army ; that the quantity of 
ardllery may be adequate to every object propofed by the 
commander in chief, without being fo numerous as to em* 
barrais or retard the movements of the troops. 

7. In the third place, he fhould adapt every thing To judi- 
cioufly to the nature of the fervice, that they may all concur 
with preciHon to the attainment of the objcSt in view, with- 
out unneceflary trouble or expence. 

8. Having decided on the means to be employed; the 
fourth a>niideration is, how to employ them to the bdd ad- 
vantage ; or the enterprize may at lad prove abortive : for 
vidtory depends not more on the number of troops, than 
on the difpofition that is made of them ; and a train of ar- 
tillery fufficient for the reduction of a fortrefs may become 
inadequate to the purpofe, through injudicious management. 

9. Under the fifth head, are clafled the difpofiticns for 
carrying any projedt into execution (5); they are as it were 
the foul of the enterprize ; for by them all the various parts 
of the f)(lem are put into motion and made to concur to the 
fame point -, whereas a want of concert might render all the 
previous meafures ineffe6tual and be productive of nothing 
but confufion. A certain number of perfons are made ac- 
quainted with the leading Aeps that have been taken to enfure 
its fuccefs, and the plan iaiJ down for carrying it into ex- 
ecution in a given time. 

10. And laftly, to rci^.der the event fuccefsful, alt acci- 
dents capable of deranging the plan (hould be carefully 
guarded again(l. In this, refpedt mud be liad both to the 
object itfcif and to every collateral incident. If it be in« 
tended, for example, to difpatch a convoy of artillery by 
land; a fufficient number of pioneers and carpenters fhould 
be fent forward to mend the roads, and repair the old or 
make new bridges, that the march of the convoy may not 
be im()eded by the breaking down oroverfetting of any of the 
carriages, is a poll to be furprized f the different bodies of 
troops defined for this fervice fhould be provided with trufty 
guide), perfectly acquainted with the country; and every 
precaution taken by the officers commanding the feveral di- 

vifions 
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vifions to prevent defertion, left the enemy be apprized of 
the defign. 

1 1 . The plan being thus digefttd, the execution follows : 
and firft, the officer charged with the con'lrudioi; of the 
firl\ battery at a iicgc will determine from obfervanon, whe- 
ther by d[TC& firing, he (houIJ endeavour to difinount the 
enemy's artillery, and beat down the defences; by ri^hochet 
firing, enfilade the works and harrafs the bcfieged ; or by 
firing with red-hot ftiot fet fire to the buildings. 

He will, in the fecond place, reconnoitre the ground, thit 
the battery may be ereded on the moll advantageous fpot. 

He, will in the third place, afcertain what nuaiber of 
men, and what quantity of tools and materials are wanted 
for ii$ conftrudion. 

Fourthly, he will confider the means of employing every 
thing to the greatcft advantage, that the battery may be con- 
ftruaed in the beft manner, and in the fhorteft fpace of time 
poffible. 

Fifthly, he will divide the workmen into different parties, 
direding thefe to throw up the earth in digging the ditch, 
in order to form the battery ; thofe to piquet down the faf- 
cines : fome to r :m the earth ; and others to brir^ the ma- 
terials from the grand magazine. 

Laftly, he will take every precaution to auard againft mif- 
takes in throwing up the works, or cuirini: the emhrazures 
during the night; and to prevent tiic rcv.inl ii?t;itvhme.its 
from mifTmg their way, or interrupting ench oilic- in tranf- 
porting the ammunition, &:c. to the batterv. l^he fubaltern 
and non-commiirioned officers will infpect the conduct of 
the workmen, and take care that they do their duty. 

12. The circumihnces that arife i:) rhc 'Execution of an en- 
terpnze frequently induce a necelliry ot c!evia:ing iVom former 
fyftems, and fometimes even of varying the w.hole difpofition 
to the great einbarraiTineiU of you!ig officers : they fhould there- 
fore be pradiled in the folution of diiTerent problems beft cal- 
culated tor excrcir.iig their inventions, and obliging them to 
haverecouri'e to their own minds for refourccsin cafes of no- 
velty and diiTiculty, but which yet require inftant determina- 
tion and executi')!). Such is the path trod by all military men 
that Jifpirc to tniinence in their profeflion; and fuch is the 
road by which olTicers have arrived at diftindion and re- 
nown. 

The 
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The divifion of this work is into three parts : the firft 
treats of the fervice of artillery in the attack ; the fecond^ 
in the d^rfence of fortified towns; and the third comprehends 
the various other branches of artillery fervice in the field. 



FIRST PART. 



Of the Service of Artillery in the Attack or 

Fortified Towns. 

13. VV HE NEVER a town fortified according to rule 
is intended to be taken by fiege, the obje£l of the befiegcr is 
to make a breach ; which may be ef^e(5led by the means of 
heavy ariillery, or of mines : and the execution, in either 
cafe, reds with the royal corps of artillery. 



CHAP. I. 

Of the first Dispositions to be made for Be- 
sieging A Place in form. 

14. A HE firft duty of an artillery officer, when it is 
refolved to lay regular (iege to any place, is to make out a 
flate of the guns, mortars, ammunition, machines, and 
carriages of all kinds requifite for that purpofe. To be en- 
abled to make a proper proportion of ftores, the command- 
ing officer of artillery muft be mafter of certain data (6) ; 
that is to fay, the commander in chief, or the general offi- 
cer charged with the dire>Stion of the fiege, (hould commu- 
nicate to him a plan of the fortifications and environs of the 
place, accompanied with fuch profiles and remarks, as may 
enable him to afcertain what fronts arc moil attackable ; 
with the advantages and difadvantagcs attending each attack ; 

both 
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both with rcf|>e£l to the works and countermines, tlie nature 
of the foil where the trenches muft be opened, and the fevc- 
tal heights and hollows in the vicinity of the town. He 
fhotrid likewife be informed of the enemy's force; viz. 
whether tlie town be protected by an intrenched camp, 
or left folely to the exertions of the garrifon : if it be amply 
provided with artillery, provilions, Aores and cafemates ; it 
the garrifon be fufficiently numerous; and whether com- 
pofed of veteran troops or new levies ; if the governor be 
in high eftimation for his military talents : if the town be 
populous, and whether the inhabitants are well afFeded to 
the garrifon, and of a martial or pacific difpoiidon. The 
commanding of&cer of artillery fhould be likewife acquainted 
with the nature of the country, through which the ftorts, 
&c. muA be tranfported ; as the difpofitions that ferve for 
tranfport by land will by no means anfwer for water car- 
riage. 

15. But if it be impofTible to coIJe£t fufficient intelligence 
to regulate the quantity of artillery and (lores, the proportkn 
mufl be formed on the general principles of attack. On 
his arrival in camp, the engineers (hould impart to him the 
obfervations they have been able to make on the place and 
its environs ; and the commander in chief Ihould commu- 
nicate whatever intelligence he may have received from 
his correfpoiidciice witlun the town ; the orig'nal ftate of 
ordnance and (lores m3y be then varied and adapted to cir- 
cumftances, that tiie Ilc/o may be carried on with proper vi- 
gour. Therc.aJs riir.r the lall convoy mui\ take to reach the 
camp fhouid be covered fro:n the enemy, till all the ftores 
are fafely arrived. 

16. If the oilker in^rufled with making out the ftate of 
ordnance and I-o^^s be lufiiciently acquainted with the place 
and its environs, he Ihould afcertain (a:c(;rding 10 the fun- 
damental maxim of all befiegers) a;":"'n(i which front the 
attack can be made, the Ay/// cxpofed and with the greatijl 
expcdiii'ju : and exair.inc \ hcther the fiege can be bcrt car- 
ried on by rejuhr .'i|;;:.roaches ; by taking advantage of any 
defect in i!ic fit'jation, to break ground clofe to the v^orks; 
or by bkxl'.ade : anv^ whether the former and latter parts of 
the dired jt-rack will b^ fimilar. By the aid of this invefti- 
gation, the quantity and quali:y of ftores wanted for a fiege 
may be determined with the grcateft accuracy ; but it will be 

better 
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belter to increafe the proportion, if the efcorts be large ; and 
to diminilh it, when few troops can be fpared for this fervicc. 

17. l^he primary confideration towards detiding the 
number ar>d calibre of the pieces of ordnance, is to kief 
up conjinntly a fire fuperior to that of the place. 

7' he following are the particular rules for the obfenra- 
iion of this maxim, in the firft part of the dire«Sl attack 5 

1. The proportion of 32 prs. for firing at the prin- 
cipal defences of the place, and covering the approaches 
to the creft of the glacis, ought to exceed by a third 
at leail, the number that the garrifon can bring to bear 
on the atack, from the body of the place, or any of 
the outworks, capable of making a long refiftance. 

2. The proportion of 16 prs. for difmounting the 
enemy's artillery in the ravelins, and other advanced 
works that may retard the progrefs of the befiegers, 
(hould exceed by a fourth at leaft, the number of guns 
in thofe works. 

3. The richochet firing is from 8 and 4 prs. the num- 
ber for enfilading any works Ihould never be lefs than 
three. 

4. Each of the works attacked fhould be enfiladed by 
at leaft three 10 in. h mortars, when the objedl is to 
difmount the enemy's artillery ; and, by perpetually an- 
no) ing them, oblige them to abandon their works. 
But if the bal^ions be cafemated, the mortars (hould 
be 13 inches in bore, and the number increafed. 

5. As the richochet firing may be flopped for fear of 
incommoding the workmen in completing the third 
parallel, two or three royal mortars Hiould be planted 
in the fecond parallel, againft each face of the covered 
way, to harrafs the garrifon during the cefTation of the 
richochet-firing. 

6. Some ftone mortars may likewifj be placed in 
the finifhed parts of the third parallel, for firing into 
the covered way. 

18. Having determined the nature and number of the 
ordnance requifite for the firfi part of the attack, the quan- 
tity neceflary for the fecond is then refolved on ; making 
ufe, for this purpofe, of the guns planted in the firft erefted 
batteries, which ceafe firing when a lodgment is effected on 
the creft of the glacis. 

19. Tills 





tEKricc OP jutTfLumr 



19. Tlw rnnBtPf (17, iS) it ea^ ddy 

rw* toe TTOoiGi its jaacki bva thos ^ ^ 

i «idMB Ifcc An ofoit^ to dc frc «^ Ar feii^en,' Ac I 
' <wdpan:» Bwai be jao ^ i 'wiirwut i lj '» ur li i . Iftte'bacndt 
and the iii^iuntit M Ubae^aa he c^oBaria^ a ^^ 
pomoa ofn |Ki. (hatddbcdE&nejfarAitfancE} t6fn. 
wiD be fatioflcr fer bodag dcmn ibr tinrfr<,fc^^i g^^ 
far pRJeanf ral.hM (bo' to fct ire to haUi^p. Wba 
Ac bvradu aod angmnci vdv*uu ftoa caHKA-noi^ 
bat oot facnred trom OieQa, the ooaiber af 13 acb ncnn 
fer brewing tbnxizli t!ic l AmMii IttMU be aKierfcd: 
ID ciie thr roop* or hata an todevd n Ac raana 
r.f the at]', I Q inch monHs «ul 



I 



SO. The naaibcr of rem^ find fron ocb gaa wt 
wuofor ^ainft tbe bum ot the rack i a ^bmicd at is 
MRndi a (fay. Fram the dsoiaee that any be done to d* 
btftxrie* by the fin of the piacc, the acddena Itaaa wiD m- 
vjubly happen, and the occafioiu] fiUpeafion of the 6m( 
dui cal^ulaiicri U kidum exceeded -, in tan t bmiuw. he tea- 
fidcTCtl as the exprnditure of cvmr gua or momr i wt' i ri 
OD the batioics, from, the drf tbcj an opeaed tSl iheo^ 
of tlvfii^E^ 

31. The caJctibiKXi for the ^m imcridcd for firaf 
againf) barnclu snd magazines, (19) is tram 250 ta ya 
HRBidi 3 gon for each 32 pr. when the A&mce >• dw^ 
ar.d the line ot dircShxi neatly perpemTicuhr to thegb^aSi: 
bat fgr longer diflanccs, and very otiltqae diredtoas, Ob 
Dumber of rouodi mull be rcfolaied by the finutioo of ibe 
place, and it'» environ!; on the prinztples lud do«ni ia 
Ihc third book of MiJuary architecture, and tbe PhiUc»- 
phjcal Inftirutions, wnh re;;ard lo the e6e£t of caoftoii-Qiot 
on wajls. Ljfgc IhcIIs are the beil for pcnetralif^ cab- 
males ) to prodiice the full effe^ the moitsrs (bould be 
laid between 35* and 45% and the (hells proieScd with llM 
grcatcf) mitial velocity (hould fall perpendicularly to the 
ptar,c of the ohjccl. 

32. I'he number of gun-carnages and mortxr-bcdt, ■ 
Weil at fpirc 3rTK!=t of every kind, is proportioned to tbe 
<(i - 'I'- 't ■;..: i',i-r-: we senerally compute three carriaget 
ivi cvcijr iwu [iuii:i, and iwo beds tor each mortn-, wbe* 
the Cie%e Is expcifted to lafl about a month | the prtqxirtiaa 
U inciuied for Jonger Ccges. 
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The number of beds for each mortar is likcwife increafed, 
when the chambers are to be filled v/vh powder ; as the 
lliocks are then very violent, and foon render them unfcr- 
viceable. 

1 he quantity of tools for the pioneers, and for making 
fafcines and gabions, arc regulated by the works that aje 
intended to be thrown up j whether lines of circumvallation, 
or only approaches and batteries on the front of the attack. 

The quantity of powder is computed from the number 
of rounds (20), and the propcrtion for each chaige; this 
is in general efiiinatcd at ;- of the weight of the (hot for 
Jarg** guns, ai.d h.'ifof the wci;:ht of the (hot for guns of 
fmalivT calibre 1 he conmon charge for 13 inch mortars, 
includirig ihat of the llicll, is 12-^lbs. of powjcr ; 6-ilbs. for 
the 10 inch monar, and 3 '.lbs. for royal mortars ; the charge 
for the Aor.e mortar is 4lbs. of powder, and for hand gre- 
nades, 3i<JZ. 

23. When artillery, ftores, &c. are tranfported by land, 
oxen, horfcs, and fomctimcs mules, are ufed for drawing 
them. The weight that two oxen will draw on tolerably 
level ground, is about 9 cwt. two horfes or mules will draw 
about 7 1: cwt. : in hilly countries, the weight fhouM be dimi- 
niflied by a fifth. 

The weight in cannon being more concentrated than 
in common carriages, fi\e p.ar of oxen are harncfled to a 
16 pr. mounted on it's carriage, weighing 36-I- cwt. ; whereas^ 
four pair would fuffice, if the weight were divided into four 
equal pares. In moimtainous countries, the ammunition, 
tools, &c. are carried on bcafcs of burthen : a common 
mule will carry a weight of 2 1 cwt. and a full load for one 
of the (^ronj^eft, is 2} cwt. but every article that exceeds 
1 J^ cwt. (hould be put into cairi^ii^os. It is much more 
expeditious and oeconomical to make ufe of boats, if there 
be any rivers or navigable canals in the country, that the 
convoys are to pafs through : to determine the number, 
the fize of the boats muft be knov.n, and the foundings of 
the rivers ; as the freight of caci» mull be propoitioned to 
f he depth of water. 

24. To exemplify the above maxims, let us fuppofe ; ' 

I. A fortified town N N (PI. i ), is to be befieged in 
form : that the nature of the foil is favourable for 
carrying on the aj)proaches, and conftruciing the bat- 
teries j and that the adjacetu country is level, aT;d 

Q^ n jit her 




a4B - ntLVict or axtilli 

neither panicularty KlvBDtig«Hii bor 
to die befiegcr. 

a.-That ibe work* art rentad ) the rcvncmcnit 
(rf' the common thickndii the height uf the bodyoi 
the ti)ace about 46 filet i and of the counterfL jr|i, aboM 
±0 feet I the prcfles jun, and the ivurks mutually iUiut- 
, ii^ eadi other i nO countennine«> but cafematcs m^ 
nagazinea cOvend firoiti cannon-diot ; and an ampk 
j^rifion of floKa of lit kindi. 

3. That from 16 (o 18 guns may be mounted on 
Ibt hcet A, B, of the balliona in the front A B ihxt it 
Attacked i and the tame number upon the four tata 
C, D, £, F, of the ravelina. 

4. That the gaTTi(bn is fufBciently numerous, cani> 
^oied of vetenn troop*, knd cotnmaniicd by experi- 
Aced and gallant offictn. 

ij. The firll Qgp towards making out the proportion ef 
nliflety for laTing fi^ to the ftippofed fbtircfs, [Pi. i ) it to 
draw a plan of me attack ; and then determine the nuodxr 
«id nature of ^e pieces of ordnatice. On the principles b^it 
hid down : the following will be the rcfult ; 

Twenty-four 31 pre. tor the royal batt;;i y G. 

Twenty-four 16 prs. for the batteries II, K. 

Twelve 8 prs. for the richochet batteries M, O. 

Twelve mortars; four of 13 inches, and eight of it- 
inches, to be dinributed in the batteries L, N. 

Twelve royal mortars to be placed in tlie fecond paralld, 
for covering the fjppers in the third parallel, when the riclioi- 
chet firing ceafes. 

Six ftyne-mortars to be placed at Q_, in the third parallel, 
to anno' the bcfieged in the covered way. 

26. Upon the fame prin.iples may be computed the (jwan- 
tity of artillery neceiLry for tJie fccond pari of the dired 
attack : it will be nearly as follows ; 

(PI. 2.) Five 32 prs. fur battering in breach the ravelin 
P from A. 

Four 32 prs, for filencing from the battery B, the gum 
on the baflion Q, which covers the ravelin 1'. 

Eight 37. prs. vi?.. live for battering in breach the baftion 
from C, and three to be planted in the battery O. 

Six 32 prs, lor firing from D againft the upper and lower 

Three 
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Three fione- mortars to fire from the battery E againft 
the ravelin P. 

Three ftone-mortars to fire from the battery F againft 
the flank R, which covers the breach N in the baftion Q. 

Eight 13 and 10 inch mortars to fire from the bfittery G 
pgainft the flank R ; on a fuppofition that its fire is fuperior 
to the counter battery D. 

Eight royal mortars to harrafs from the battery JL the 
troops that defend the ravelin P, 

Eight mortars of different calibres, to harrafs from the 
battery H the troops th^t defend th<; baftioi> Qj an4 pre? 
vent them from throwing up intren^hments. 

According to this calculation, the artillery ufed it\ the 
firfl part of the attack, will be amply fufficient for the fepond. 

27- The number of rounds for each piece isdeteniHne4 
by the duration of the fiege. In the cafe in queflioiiy the 
greateft number of days that the batteries wiil be opcn^ 
will be nearly as follows ; 

PI. I. ) The batteries G, H, K, L, M, NO, twelve days, 

"he royal mortars in the fecond parallel, eight dgyi. 

The ftone mortars at Q^in the third parallel, fix days. 

(PI. 2.) All the batteries conftruded for the fecpnd part 
of the attack, eight days. 

28. The following is a proportion of Aores for carrying 
pn a regular fiege, under tliefe circumfiances (24): the 
whole is fuppofed tp be fupplied from one depot, and tranf- 
ported to the fcene of a(Slion, in carriages drawn by oxeii 
along level and wdl made roads. This fiate will alio ferve 
^ a rule for ranging each article, in ^hc clafs to which }( 
properly belongs. 



Tl 



Q, a State 
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State of Artillery, Ammunition, and Stores of a'! kinds, for 
hying regular Siege to a, fortitied Towfi N N. 

Nr..cf 
Aa. auJ A^afure of No. and Nji*.::re cf (Jur:- i'^-t i 

Cx:n 

^4 Heavy 32 prs. earned 1 

on 24 block wa:52:ons, | 

with drau2,ht cJi^ins )- 192 

for 8 pairs of oxen to | 

each J 

24 Heavy 1 6 prs. mount-"! 

ed on travelling carri- | 

ages vi ith limbers and ^ - 120 

diraught chains for 5 I 

pairs of oxen to each J 
12 8 prs. mounted on 1 

travelling ^ carriages, / 

with limbers and two f * ^ 

pairs of oxen to each J 

60 Guns. 36 Carriages for 32"! 

prs. with limbers | 
and fide arms at )► 72 
2 pairs of oxen I 

each J 

12 Spare carriages, 
with limbers for 
16 prs. and 36 
f-Ts of fide arms 
6 Spare carriages 
with limbers, and 
iS fets of fide 
arms for 8 prs 



12 



54 Carriages. 

^ c. ^ rCanied upon 7 blockl 

6 Stone mortarsl '^. . s , / 

\ Trr ) carnages with draught! 

8 I'o inch ditto r'^^"'*' ^?' 5 P^i--* A ^^ 

(.oxen each J 

Carried over 461 

J 2 Roy a! 
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Pairs of\ Curtti 
Oxen, 

Brought over 461 

No. and Nature of Ordnance. 

12 Royal ditto, carried in 

2 common carts 

2 pair of oxen each 
30 Mortars 6c Mortar-beds at 2 to each mortar 22 



60 Sets of fide arms for the mortars i 



22 



Spare Articles, 

4 Block waggon?, at 2 pairs of oxen each .... 8 J — • 
24 Wheels Ihcd with iron for 32 and 16I 

pr. carriages f 

12 WI.evIs fnod with iron for 8 pr. and I '* 

block ditto J 

100 Axle-trees for carriages of all forts ....... |o 10 

2C0 Spunge-ftaves for guns « 4 a 

100 Sheep- (l^ins for fpunges - i 1 



12 



Shot, Shells, and Grenades. 

28800 Shot for 32 prs. at 1200 rounds a gun,7 

and 40 to each cart J 7^0 

J7280 Shot for 16 prs. at 720 rounds a gun,7 , 

and 80 to each cart 3 ^ 

7200 Shot for 8 prs. at 600 rounds, and 160? 

to each cart \ *5 



2400 Cafe-(hot, half for 32 prs. the other for? 

j6 prs \ « 

4800 13 inch (hells, at 1200 rounds for each? ^nr 

mortar, and 7 (hells to each cart \ 

9600 10 inch (hells, at 1200 rounds for each? . 

mortar, and 15 (hells to each cart J ^ 

1 1520 Royal (hells, at 840 rounds for each mor-7 ^^ 

tar, and 40 (hells to each cart \ ^^^ 

I2O0O Hand grenades, at 500 to each cart 24 

Canied over 3187 



720 
216 

45 

45 
686 

640 

288 
24 



2716 



O 3 Shot, 



■ * 



iu^ 



sfeRVtefe »» AfttttLHitir 



fiiwig^t over 3187 ^716 



550* 

ttooo 

13006 
^Sooe 

4006 
4000 



Shoty Shdti, and Grtnadct cominud. 

Fuzes for 13 inch itiortanl ^ 
Ditto for 10 inch ditto •••packed up in? 
Ditto for royal ditto ..^••..irand bag* «.<.5 
Ditto for hand gitnades ..J 
Hbttoma of wo«l for the Aone mortara .... 
fiaflcett for ditto 



•••••••• •••••••• •••• • ••••••^•••••••s 



19 

16 
40 



Machihes ahd Cord^. 



:*_• 



6oh Hadd-fpkb 
400 






t 

6 

ab 
lOb 

100 
26 



»****i 



•••• •••• •••••••• ••••' 



Loi% leverl with hdrfti 

ml complde ..—.*... 

apRahs with toties) 
HaM jacks •.••.•••••••3 

Ropes for guns, 25 fathoms each -— •-< 
Ropes for gins, 15 fiihoms each •— ..- 
Double ilingt .^.•.••••...^••— ••••.•••.— .••.. 

Ropes for ^ing the ammunition upon 

the Waggons, 8 fathoms each 

Drag ropes, 10 fathoms each 

Cwt. of cordage for tying and packing .. 

Ammunition. 



10 

8 

.3 

4 



>. ta 



It 

• 

40 



10 

s 

4 

*■■ 

. 1 



H 



647 



5922 Wholebarrels of corned powder^ viz. .... 647 

etc;/. ^rs, ihs. 

2635 I 12 For 78800 rounds from 32 prs.? 

at lojlbs «....„ J 

790 2 24 For 17280 rounds from 16 prs.? 

at s^lbs J 

105 1 20 For 7200 rounds a richochet, at? 

527 o 16 For 4.800 rounds for the 13 inch! 

mortars, at 12 lbs. 40ZS. i2drs.i 
including the charge for the (hell J 



Carried over 3945 3474 



Ammunition 
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Pairt of Cartt, 
Oxen. 

Brought over 3945 3474 
Ammumtion continued. 

562 I 4 For 9600 rounds for the 10 inch? 

mortars, at 6 lbs. 8oz. i4drs 3 

337 ' 9 ^^^ 1152c rounds for the royal? 

mortars, at 3 lbs. 402. 7 drs. 3 
146 I 20 For 4.000 rounds for (lone mor-7 

tars, at 4 lbs. loz. 9 drs 3 

21 3 24 For 12000 hand grenades, at I 

-^oz. 4 drs J 

512 2 o t*or the infantrj-, at J of an oz.7 

for each mulquet cartridge j 

282 3 I To fupply the walle and lofles,! 

being in the proportion of V« of > ^ 

the whole ., .J 

91 o o Of match 10 

l8?0 O O Of mufquetballsincludinggj cwt«7 

of piflol bullets :. 5 ^°^ 

1 50000 Flints 4. 

660 Oil-cloths for covering the powder and? 
matcb • ..MM....^ 



Various Articles. 

2000 Oak planks for the platforms ..-.........•....•• 200 

1000 Sleepers for ditto 50 

1000 Fir planks for the frame of the gallery of 1 

defcent into the ditch •«..-.•.•.... 3 7^ 

500 Beams for ditto .........•.....«••- 30 

40000 Sandbags - 16 

5000 Ballaft baikets ..- ^..- 35 

150 CuiraiTes with cafques for the fappers .... 6 
91 Cwt. of gr^e for the axle-trees and the 7 

laboratory ..^ ^ - ^ 3 *^ 

Carried over 4576 



10 
200 

4 



200 
50 

70 

30 
16 

35 
6 

10 

4105 



Q. 4 Iron- 




• - \ 



£48 
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BrouglitOTcr 4576 
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Iron* work and Nails. 

54 Cwt. of itoh of forts for the wheds and 1 

axleti^es of gun carriage ..^..^••^..^ j 

36 cwt. — Of forge iron in hM and rods « 

9 cwt. — Of ftecT ..^ ^.. 

29 cwt. — Of nails for wheels 

54 cwt. — Of nails for platforms ........ 

5 cwt. — Of nails of 40 to the lb. ........ 

jcwu — Of iron wire ••.......•.. 

Aftides for thie Laboratoiy. 



...«....< 



.*.. .... .... ..M a....... .... 



.... 



..........M .... 



....•...••M......M..iW 



M.......MM 



t ................. ... 



36 cwt. — > Of mealed powder 
36 cwt. i— Of refined faltpette 
18 cwt. -^ Of flowered fulphur 
45 cwt. — Of tar ............................ 

45cwt> -— Of pitch ...AM 

4 cwt. — Of packthread .... 
3 qrs. 8 oz. Of common thread 
3 cwt. — Of flax 

3 qrs. Of fine tow ^ 

4 cwt. — Of glue 

3 qrs. — Of yellow wax .- 
2 '^wt. 2 qrs. Of wax candles 

2246 Yds. of barras 

I2.-0 Yds. oHinen and cotton cloth 

10 R'^ams of fine writing paper 

10 Ditto of common paper 

40 Oil-cloths for covering the above articles 



.••. •i 



Packed in 
boxes 



} 



6 

4 

10 



CaHt. 
4105 



4 
4 

a 
5 
5 



Careied over 4624. 



6 
4 

ic 



4 

4 
* 

S 
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Brought over 4624 
tnflruments for the Laboratory and work- (hops. 
3 Mealing tables with trellles ..,„ ,,.. 

40 Wooden troughs for mixing fufe compofi- - 
tion 

20 Heavy mallets for fixing fufes 

40 Setters for driving ditto 

60 Drifrs for d tto ~ „..^ « 

33 Ladles for ditto „ 

24 Small brumes for glue 



24 Tin futtneh cf (liferent fizes for loading 

(hells and grenades 
50 Rafps with handles 
50 Drawing knives 



6 Sieves <^ hair or fine filk „. 

6 Hand faws 

12 Pair of fcilTars of forts >. 

30 Augers and gimbleis 

6 Handfcrews 

12 Gouges „ „ 

4 Pair of pincers 

150 Tin mcafuresof diflerent fizes 

150 Can-hooks for HkIIs 

100 Quadrants ..» _..«... — . 

1000 Pricking wires ....~ . — 

100 Lanterns of fcMts _.» 

60 Wire ficves «... 

I Bench for carpenters — 

6 Buckets -. 

10 Pails 



2 Large melting pots with iron trivets 

2 Smdl ditto >. 

6 Small axes - 

12 Hand bills 

Steels, flints matches and tinder boxes 



Carried over 4631 :4t6o 



Intrenchiog 
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OF ARTILLERY 



Oxen. 

Brought over 4631 



Patrt I 
of Carts, 



Intrenching Tools. 

5000 Pick-axes of kinds ....„ "1 

1 0000 Mattocks with helves, fuppofing there are > 100 
no lines of circumvallation to conftrudt J 

600 Spades with helves —. ^.... 5 

300 Axes of forts ^ 7 

1000 Handbills J ^5 



Tools for forty Miners. 

20 iron niaiieis ••^•••••••^•••••••••••••••••••^•••••••••••a 

200 Jumpers and gads 

20 Hammers with heads and points 

20 Cutting hammers y 

40 Trowels 

20 Small fpades for cutting , 

2 Searchers in feveral pieces , 

Tools for thirty Carpenters. 



] 
J 



10 Crofs cutfaws 

20 Common ditto 

30 Broad axes ~.... 

20 Hammers 

10 Sledge ditto 

150 Chiffels and gouges of forts 

300 Augers and gimblets , 

6 Hand vices 

10 Iron crows —..«...•..... 

6 Planes •• 

10 Pairs of pincers 



••••« 



4160 



Carried over 4768 
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5 
25 



4297 
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Pain of 
Oxen. 

Brought over 4768 



Tools for ten Blackfmiths 

^ ¥*org:es complete, with anvils and (locks «.« 
20 Pairs of forge tongs of different fizes ....„«^ 
8 NaiJ borers 
15 Hammers ... 
8 Sledge ditto 

40 Files of forts - 

a Benches with beak irons and vices 

2 Prcffes ..^ 

Spare cuts and oxen with each convoy «.-..~ 87] 48 






4297 



Total 486oL35» 

• 

The miners tools contained in this inventory, are for woik* 
ing under ground, and piercing the wall of the counterfcarp; 
but if the foil be rocky or very hard, there muft be a greater 
proportion of iron picks and fteel gads ; and the following 
articles fliould be added : iron jumpers cafe-hardened at the 
points ; fmall iron fcrapers for clearing the holes ; needks 
for charging them ; common iron crows of different fixes ; 
picks pointed with heel -, cutting mallets with fied edges i 
and mallets with cafe-hardened points. 

29. Should it be intended to attack two fronts at ooce ; 
the quantity of guns, mortars, ammunrrion and tools of 
all kinds muft be hncreafed in proportion to rise extent and 
ferioufnefs of the fecond attack. 

If only one front be attacked, and the works drficnlc to 
beat down ; as when conftmded of hard turf, 900 or icca 
cwt. of powder muft be added to the quantity in the in^Teiw 
tory : fince after having made openir.gs '. n the revetement with 
cannon (hot, the miners muft be introduced for the pcrpofeof 
making pra^cabie breaches ; and the number of rcondi a!- 
totted for the mortars in the fecond piral-el mud be aug- 
mented by about y, that the garhfon may be caGr.ncaiir 
harraiTed till the operations of xht miners are compieaissd. tt 
the works be of common earth with one fiage of conncer- 
mihcs; the above-mentioned q^iantiry of po*Mfer mi^t^ be 
allowed for the mines anc raori-, arxl 2 third ;Kkied r.^ rhe 
quantity intended for the (fired firii^ fnm the firft bacae* 



, , •'^ 
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Ties, that a confbint firing may be kept up againft the «iev 
fences of the place, while the miners are bufied in exploring 
the countermioes : with two ftag^ of counternriines, the 
number of rounds for the mortars mud be doubled, and ol 
leaft four times the quantity of powder provided for the 
ittack of the countermines, together with planks and jojfls 
for the (hafts and galleries. When there are no out-wovtt 
on the front attacked, the artillery and (lores defisned (28}' 
for the attack of the ravelin may be omitted. If the pro^ 
files of the out- works are too narrow to admit of cannon, 
the 16 pre may be ]e(t out of the inventory : as the fire from 
the 10 inch mortars will in this, cafe be (ufficieni agunft the 
ravelin, 

30. Thefe obfervations have reference only to the plaoe 
Itfelf i but there, are others to be made on the nature of the 
adjacent country, and the choice of carriages for the tnmf* 
port of (fores. - If the fortrefs be fituated^ among moontains» ! 
where it b diflkult or perhaps impofiible to ufe wheel-ctrrU 
ages» a greater number of capftans with ropes and pulliq^ 
both fingle and double, muft be provided, that every neceffiuj 
article may be brought forward by men. If the foil be n 
rocky, as not to furnifh a fufficient quantity of earth for the 
con(tru£tion of the batteries, a proper number of facks filkd 
with earth and wool mud be tranfported to the fpot. 

If the town be funound^'J with rivers or broad cinals, 
fome wooden or leather boats with tiieir apparatus fliould 
be provided, together with a large quantity of treftles and 
every other thing rcquifite for conftru6^ing bridges, for the 
paflagc of the artillery and (lores, and for keeping the com- 
municirion open between the feveral parts of the attack. If 
the ftores be tranfported in boats or waggons, the oil- cloths 
for covering the powder, match, and other coinbuftibles, 
(hould be much larger than when they are carried on beads 
of burthen : when the latter expedient is adopted, flrong 
nets mud be provided for holding the (hot and (hells ; the 
weight put into each package (hould never exceed i^cwt. 

31. When the whole or a part of the ftores for the fiegc 
is drawn from any fortified town, it ought to be as far dif- 
tant as po(lible tVom the theatre of war ; (hould it of necef- 
fity be a frontier town, the commanding officer of artillery 
ought to (ignify it to the perfons at the head of his depart- 
ment, that the ftores he has taken away may be inftantly 
replaced , left from fome accident, the fyftem of the war b^ 

fudden^ 
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Riddcnly changed, and the encnDy take advantage of the un- 
provided ftate of the town to attack it. 

Guns that are not perfectly good will anfwer very well 
for richochet firing and for battering in breach : when there 
are any fuch, therefore, in the town from wlience the flores 
are drawn, they (hould be included in the inventory, and 
after tjic fiege be condemned and font to the foundry : like- 
wife any powder, carriages, cordage, fand-bags, or other 
ftores that have been kepr too long in the magazines ; fince 
a commanding officer of artillery may by fkiiful and judi- 
cious arrangements employ them very ufefully, without detri- 
ment to the fervice, yer greatly to the intereil of his fovereign, 
by faving the money that the purchafe of new articles vvouid cod. 

Finally, if there be reafon after the trendies are opened 
to apprehend that the obftinacy of the garrifon may fo far 
proira«5l the fiege, as to render the fupply of ammunition 
inidequate to the reduClion of the place, the commanding 
officer of artillerv Qiould give timely intelligence to the perfons 
charged with fupplying his department, that the operations 
may not be retarded or fufpended. 

32. The following return fhev/s the leaft number of officers, 
non-commiffioned officers anJ privat^es for the fervice of the 
artillery at a fiege under the preluppofed circumftances (28)- 

A commanding officer 

Second in command 

Pvlajor 

An adjutant and affiftant 

Captams ..^ ^ 12 

Subalterns 36 

Serjeants and corporals 92 

Bombardiers and gunners 700 

Sappers 80 

Mmers 40 

Artificers for laying platforms and? 

bridges 3 ^ 

Total 1000 

Befide thcfe, a detachment from the line muft affift 
bombardiers and gunners in conArudting the battericft 

worj 
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voriung the artillery i imd 9 fim fitu^ intdligeiii mm 
«d out for carrying on thp &p« Wifb one Aage of 
MaunB8» th« number of fnioeri moft be inereaAd to io^ 
and with tvro to 160. The ioftntry muft Aimifli toam ft 
KIM for vrorking under ground^ and buSdiog the ftamcs^ 
ibe flttftiy bnuKhea and ^Uerief • >* 

C H A P. If . 
Of -Coittovs. 

33** X Ht tranfport of arriUery and florea ia eidiarlar 
bnidt or water: in the former ceft« a rende^voua iaappqjnW 
lor all tbi; carriagea^ and the loada are put in repeirt to4t 
]attar» ibe boati an* coUefied at the place moft rnmmadim 
for embarkation. * 

: 80 foon a$ the comoModbig officer c( artifleiy be| n^ 
emrod oidera from the goieral to forward the g0na» 
Sec. contained in the inventory previoufly coiiMtod I 
them ; be dtipatcbcs an en ed officer to the flunpb Air 

moment be bears that the ] e ia inveftcdy to choili^lk 
proper place for the park s ; i hen the convoy nwrdHtl f 
land, he detaches one or two lubaltcrn officers to examine 
the condition of the roads and bridges, that they may be 
repaired, or rebuilt if ncce/Tary : in the mean time, the 
ftores are loaded and every thing prepared for departure. 

34. The roads ihould be broad and Araight, for the tikt 
of (hortening the line of inarch, and avoiding the delay that 
fometimes hap|)en$ in narrow roads to a whole convoy from 
the breaking down or overfetting of a carriage, particularly 
of a heavy gun. In a mountainous country, where the roadi 
are fleep, narrow and winding ; they (hould if pofTible be 
widened and mended : if that cannot be effeded, new ones 
muft be made fufficiently broad and ftraight. A fteep road 
is iefs inconvenient than a winding one ; the difficulty in the 
firft cafe being furmounted by dividing the ftores into a nom« 
ber of carriages ; but in the fecond, from the fhort tumii 
the guixs muft frequently be dragged on fleighs by the ibi* 
diers with the affiftaiKe of ropes and tackles, with great h^ 
bour and much lofs of time. 

35. Bridges, for the paflage of heavy artillery, are made 
eitbcrwitb beams, trcftles, or boats. Should there be i 

nccc0i^ 
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Rfccffity for pafling without delay a deep ditch Icfs than 20 
feet in bread til, fix or feven beams may be taken from the 
neareA houfcs or villages : when there are none within reach^ 
fome trees meafuring 4 or 5 feet in girth (hould be inftantly 
felled, and when (Gripped of the branches laid acrofs the 
ditch, at about ten inches didant from each other ; and 
upon them a layer of boughs, or any wood that can be more 
eafily procured, 12 or 14 feet in length, and 4 or 5 inches 
in thicknefs *, and the furface made fmooth with a coat of 
earth or turf. If no trees large enough for this purpofe can 
be found, or the ditch is more than 20 feet wide, a firm and 
fubf^antial bridge may be made by placing a treAle in the 
middle of th^ ditch, and refling the ends of the trees upon 
it ; or in !ieu of the treble, a thick piece of timber fupported 
at each fide by two beams fixed in the banks ; this crofs 
piece will be firong enough to fupport the ends of the trees 
refiing on it. 

36. Bridges on treAIes can only be laid over canals, or 
rivers tliat are not fubje6t to floods ; as in cafe of a large 
fwell they would be in danger of being carried away. The 
treftles are generally made on the Ipot of well-feafoned tim* 
ber that fquares from 8 to ten inches. Their height above 
the furface of the water fhould be at lead 3 feet, and the crofs 
piece that forms the head 12 or 14 feet long: the diftance 
between every two trcfllcs is 14 or 16 feet ; and when the 
bottom of the canal or river is not rocky or gravelly, their 
feet arc nailed upon fquare wooden frames, to prevent their 
finking. Six pieces of limber, 7 or 8 inches fquare, called 
iauIiSf are laid on the treliles, and the ends nailed down ; 
the whole breadth from cutiide to outfidc of the baulks is 
from 10 to 12 feet, and over tliem arc two layers of planks 
or chcfles 1} inch in thicknefs, and 12 or 14 feet in length. 
When the timber is green, the thicKnefs (hould be incrcafed 
by 4- ; and, in lieu of planks, any wood that is 4 or 5 inches 
thick may be nailed on, and covered with turf or earth as 
before-mentioned (35). 

37. If the river be fubjc£l to freflies or very deep, the 
bridge i^ made of boats fadencd together two and two by 
fix vell-feafoned baulks from 6 to 8 inches fquare, and of 
fuch a length, that the ends red on the outer gunnel of 
each boat, after leaving an interval of eight feet between 
every two boats ; they are nailed down to the gunnels of 
the boatSy and covered with planks two inches tiiick and 14 

feet 



'^ 



SBRVICK or AftTIX.X.IJir 



»5^ 

Ibet long i a fecond layer of phnies if inch Aiek, and M 
Ibet long it laid tnuuverfcly. The pairs of boafa thna 
htUnod togetker are placed at 8 feet diftant from each other^ 
|oinfid by (Miulics 6 or 8 inches fquare and lo feet long, naikd 
down to the gunnels, and covered with cbefo as befbne* 
To every two boats there is an anchor, and a cable from each 
to hold tbem againft the ftream ; and when from its g^ftat 
fapidity this is found infufficient, a iheer-line from each 
boat is made faft to the banlu c^ the river. Rails 4 ftel ' 
Ugh are placed along each fide of the bridge for the faMy of 
pafieneers. 

If uie river be navigable an opening is occafionally made 
in the bridge, by placing the center pair of boats almoft con* ' 
tiguous to thofe on each fide, and joining them by bauiles 
that are not nailed down ; thos^ they may be eafily removed 
to ff^t a paflage to any boats or veflels paffiog up or dowo» 

To render the bridge more-fecure againfl fwdts, hdrgi 
ibkcy are driven into the bed of the river, at the places wbem 
the anchors lay, and the boats are fafiened to them whh 
flrong cables. And when there is any reafon to apprehend 
that the enemy have a defign of fending down with the cor* 
rent, boats filled with combuftibles to fet fire to the bric^ 
a ftrong iron chain (hould be ftretched acrofs the river, and 
fupported by flakes at about i| foot above the furfacc of 
the water. 

38. When the bridj^es are made, and the roads repaired, 
the train of artillery, &c. fets off, divided into feveral con* 
voys : for if the whole moved at once, the Jinc of march 
would be nearly 17 miles; fince each pair of oxen takes 
up at Icart 10 feet, and each carriage about the fame. The 
diflribution (I)ould be made into four parts ; this will enable 
the officers to pay more attention, will render the march 
lefs troublefome and tedious,, and they will be more amply 
fupplied with provilions and forage on the road. 

In the firft convoy (hould be fcnt the intrenching tools 
of all forts, that the troops may proceed to throw up lines 
and open the trenches, together with every article belonging 
to the laboratory, and a certain proportion of (hells and 
powder ; that the laboratory may be Inihntly eilablilhcd, 
and the necefTary preparations made for the cnfuing (lege. 

The fecond convoy (hould be compofcd of the guns 
intended for the royal batterj-, the mortars for the fecond 

parallel. 
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parallel, and about 100 rounds of ammunition for each 
gun j together with the fleepers and planks for the platforms. 

In the third convoy fliould be forwarded ilie ^uns and 
Acres that will be fooneft wanted ; and the fourth (hould 
include every other article contained in the inventory. A 
(lore keeper and deputy fhould accompany each convoy : a 
commiflary of artillery and fome clerks of ftores ihould be 
likewife fent to take account of all ifTues. The (lores in 
each convoy ought to be clafTed under the proper head, 
that every thing may be kept didind, and without con- 
fufion : at the head of the Ime of artillery, (hould be a 
waggon carrying a gin and hand jack, with proper ropes 
and tackles, in cafe any of the guns are ovcrfct ; the guns 
Ihould fojow nexr on the block carriages, and then their 
carriages, (lores, &c. in the order laid dov.n in the inventory. 

The drivers are divided into companies from 40 to 60 
each, under the direftion of a cojuluclcr, who has the 
charge of the carts, and is refpohtible that the drivers are 
attentive to their duty. 

39 The detachment from the royal re^ilment of artil- 
lery, intended for the fcrvice of the fsege, is aJfo divided 
in as many detachments cs there arc convoys, and the 
command of each is given to the eldefl ofHccr ; who pre- 
vious to the marcii, gives the necefTary directions to his 
fubalterns. When there are guns in the convoy, he ports 
the moll experienced non-commiflioncd o(ficers and gunners 
on the flanks, to diredt the drivers in the turnin'rs and hoi- 
lows of the roads, thnt the carriages may not be overfct 
through their unficilfulnefs or negligence; a fuhaltern offi- 
cer fuperintends this particular duty : another" fubaitern 
and a party is detached to the powder; and the remainder 
is divided into three parts ; of which one forms the van- 
g:uard, the fccond the rear- guard, and the third is diftri- 
huted in a (ingle tile from front to rear, to prevent the lii.e 
of march from being broken. A non-comir.ifTioned oflficer 
and fome privates (liould be fcnt forward, to extingui(h all 
fires in the houfes on the fide of the road. If tirj number 
of artillery-men be inadequate to thefe duties, the com- 
manding officer (hould apply for a detachment of infantry. 
Matters being thus adjulled, the drummeis at break of day 
beat the gimral 'y and an hour afterwards the ajfemhly^ when 
the drivers hamcfs their oxen ; and at the third fijnal, tl.e 
convoy moves in the order before- mentioned. At the 
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fifdlicinaj, ih* ijiurtEi-maRer witli tlie camp-ralodr>mtii 
mi a wu^Dii-DKiiicr, goes fu^'Waid lo the \i\Ke where if't 
incetiilcti tu Imli) in uid«:r Tu prcpuft qumctx and t'c^ngfi.ind 
choofe a ffjol fur paiking the uttiHcry -, ic uu^iii rn rcow 
tain all ihc corridgcs drawn up in a (quare, tcaviug Wm^ 
each &}e a Tpacc Tuflicicnt fur h^rnrding anil utt<iain£^in* 
the oxen. Ti'c purk is formtd as laft as tlic carriages anive ; 
tnd guards polled for the Ulciy «f the powder and llorei, 
and to pitv'ciit The dcfcriion of ihc drivers. The fcagt is 
dillribuied in fiidi proportions, iliat ihe c;\tile niav be ible 
lo continue tlieir route at the appointed titne. 'J he guardi 
fu.nilh rouniis and patrolcx during the ni^ht. and allow 
no pcrfon tu a;'pioach the park, unlefs lent by the com- 
Riaiidlng ollicei. The fame order of march i» rerumed 
the next aikd following daye, till the convoy reachci iti 
dcflination ; m-vcr movb^ more than 14 miles a day, cTpc- 
cially with oxen. To prevent eonfulion, the drivers are 
obliged to keep the faiiic pljce dining the whole march i 
and for the fjke of puniHiing Inegularity, c.tch carriage Ji 
numbered, uitd ihc driver wlmts a nckct iti his hat. 

4,0. When put of the frorcs arc earned on betOs of 
burthen (zj)* in making up )Jie kvcral convoys, tlte][ Ihould 
be kept totally dii^intt from tlie c!irri3i>cN : and t\« o&ca 
who goes forward 10 mark out the park, iLoiild pitch on 
one or two boLifcs for lodginj: the llurc?, v-herc thty 
may be ranged in tliijir Ici'ltjI i."I;.!7js, and Ilif. pov.ilcr and 
other articles cffeiflually Sheltered from rain. If'no Ihdtcr 
can be found, fome mules laden with planks and fleepen 
fhoiild march :t the head of the convoy, to make platfonni 
for keeping the articles that mav be damaged by w«, from 
touching the ground j and oil-cloths with which every 
mule ought to be provided, Hiould be laid over ttie 
whole. 

41. When the artillery and its app;irtenances are to be 

tranfporred in boats, fome fkids (hould be laid under the 

guns and mortars, and fmali floors made of planks ftt 

j fopporting the ihoc, Iheils, match, &c. always leaving a de» 

tpacc in iivt middle of the boat for baihng. 

The ilores are tranfportcd in waggons from the magi* 
zincs to the plare of embarkailon, which fliould be fpi- 
cious enough to admit of many men being employed at 
the fanic time, without eonfulion or danger ot mixit^ 
the (lor;s of different fpecies together. 

When 
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When there is a fufficient number of boats, the whole 
(hould fet off at once, and form but one convoy ; but when 
from the fcarciiy of boats, feveral trips muft be made, the 
preceding diredions £Dr land-carriage fhould be attended 
to, and a detachment of artillery fent with each, convoy, 
reinforced, if ncceflary, by a party of infantry : a particular 
guard compofed folely of artillery- men, (hould be put on 
board the powder-boats, 4^hich in the evenings (hould be 
moored at a diftancc from the others. The place of de- 
barkation having been pointed out by t'lc commander itt 
chief, to the officer who was fent forward to the camp (33) 
the carriages which that officer has provided are ready to 
receive the gu.is and llotes when the boats arrive, and 
traiifpori them to the park. The landing-place ought 
to be fpacious and commodious, and a working party of 
infantry without arms (hould affifl in unloading the boats. 

42. It is taken for granted, that the country, through 
which the convoy is to pafs, is entirely clear of the enemy's 
troops ; fo that the guard will only have to prevent 
emiflaries or marauders fiom pillaging or privately fctting 
fire to the ftores, or endeavouring in any other method to 
deftroy them or impede the march. 

But if the country be infefled with flying parties of the 
enemy, it will be necefTary to take other precautions with 
regard to the march and halts of the convoys ; according 
as the danger fecms more or Icfs preffing. The train of 
carriages, &c. iTiould be drawn up if pcHible in fomc fecure 
place, as a walled town. In cafe of parking in the open 
country, a (Irong fpot (hould be pitched on, and the accef- 
fible points fortified with pallifadccs or abbatis, 

43. The neceflfary difpofitions to be made in marching 
through a fufpc£tcd country, may be reduced to the fol- 
lowing cafes : when there is apprehenfion from flying par- 
ties only, detachments to check their incurfions are pofted 
in the towns and places contiguous to the route of the 
convoy, and a fufficient efcort marches with it for its pro- 
tedion. 

When the convoy is cxpofed to be attacked by a con- 
fidenible body of troops, there are three methods of covering 
it : the firft, by marching a corps (uperior in number to the 
enemy, between them and the convoy, till it reaches the 
camp ; thik fuppofes but one convoy : if there be feveral, 
this corps muft advance to the enemy, follow their motions, 

R 2 and 
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and lteq> tlKin in check, rill rhc wiwk luve paiTcd. Wlien 
the Ibc of maa'ti tan be covered by a large river, thb 
rouie (Iioulii be iirdcrred, ilioupli it may be ilie longert. 
The third method is when the elcurt that marches wtiii the 
convoj' is (Irong enough to repel auy aitack of the cntfo.y : 
the arriliery (hould in ihis cafe contrlbmc towards ii'» own 
Terence i it i> ncccj^ry therefore to enlarge a little on this 
head. 

44. In open champaign coumriest, the van atid rear guards 
conlin of cavalry 1 tlic infantry, which is the nuin [lart of 
the efcort, (orm* tlieccnrrc. liui in a tlrong country in. 
terfeited by rivers or canals, by torefts, inoralTirs, ravines, 
or dchles, the numlKr of infantry ii iiKi^-afed, and the 
cavalry dmiinillicd, by fubfliiuting in their place dragoon*, 
who occalionaliy ai3 as cavalry or infantry. If iK- rouw 
lie through a mountainous country, the efcort U compofcd 
folcly of infantry. 

The cofiirnuiid of 3 numerous efcort is generally given 
10 a general i>(ficcr, who makes the following difpulitton 
previous to the march, ihat every perfon may know their 
(lofts in cafe of attack : a few hours before the convoy fcis 
cut, he fends detachments to reconnoitic the country, and 
(iivides his troops into four pans ; the firll form* the van- 
guard, the fecond the rear guard, ami t!ie ihiril, which it 
liic largert, and confirts foltly cf infjntr}-, is icfervcd for 
the centre : the fourth part it dfllribuied in I'mali deiach- 
]nents along the flanks, to feize polls and occupy crofs 
roads, &c. till relieved by the rear-guard. When the road 
is 25 feet wide, the carriages move two a breaft, to (horten 
the line of march, and be the more ready to repel an attack. 
Previous to eroding a bridge, or entering a defile, ll« 
country on the other fide Ihould be reconnoitered for fear 
of an ambufcade, and the carriages drawn up in feveral lines 
clofe to the bridge, that the efcort may be as much aspof- 
fible collected together: on moving forwaid, the former 
order of the march is refumed. If during ihc march an 
order be given to prepare for adion, the oHicer of artillery: 
will inl^antly form the carriages into an oval .o» oblong 
figure, prefenting the longeft fide to the. enemy, with the 
heads of the horfes or oxen ttw-ned toward the centre, that 
there may be no polTibility of their running away : the 
infantry may be fometimes compelled to retire behiivl the 
liii-: of carriages, the powder wagons therefore for fear oC 
accidents 
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•ccidcnt (hould be placed in the centre. But whcti from 
the nature of the ground, it is impoilible to form in thi? 
manner, the carriages fhould be drawn up in two or more 
lines, that the infantry may retire behind them, always 
placing the powder waggons at a diftance. The guni 
mounted on travelling carriages fhould be placed in (itua- 
tions, where from the nature of the ground, and the difpot 
fitions of the enemy, their fire may have the greateft efFeft. 
When the convoy confifts of hearts of burthen, they (hould 
be drawn up clofc to each other, and in one line, that the 
infaniry may from behind them as a parapet, direcS); their 
fire againft the enemy. 

Strid orders (hould be given to the drivers under the fevc- 
rcft penalties not to unharnefs before they arc ordered ; 
which can only be, when the efcort is obliged to abandon 
the convoy : the artillery- men (hould in that cafe, before 
they retire, privately difpofe fome fire that it may commu- 
nicate to, and blow up the powder and (lores, fo foon as the 
efcort is out of danger. * 



CHAP. HI. 
Of the Park of AkTiLLERY. 






45. X H E park of artillery (hould be eftabli(hed in a 
/ccure place out of the reach of cannon-(hot from the town, 
and as near as pcfTiblc to the front attacked : it (hould be 
•fo fpacious that the difFercnt (lores may be feparately clafled, 
and loaded or unloaded without delay or confufion. With 
thefe requiCtes it is indifferent whether its figure be regular 
or not. 

The carpenters, miners, and fmiths (hops are 'fixed 
Sn the houfes contiguous to the park ; when there are no 
convenient houfes, (heds are made of planks covered with 
oil-cloths. A large houfe at a proper diflance from the 
park is chofen for the laboratory ; and fome detached build- 
ings furrounded with walls and hedges for lodging the 
powder. 

46. The waggons (hould be unloaded as faft as 'hey 
arrive at the park, and fent back ; referving a proper nL..i- 
Ikt for tranfponing the guns and (lores to the batteries. 

R 3 Th(? 
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The guns ate drawn up in one or u,o line*; the 31^ 

. mounted on their r^ci ingcs ; and iIk whole furnifhcd with 

fide-arms, coim, h;inii-r])tke3, and limbers, to be le^idy 

for fcrvi^-e. The n^orc-irs are Id'l upon the block wa^gont } 

fifid the lhi)t o( ('illcretii di^mciers Teparatcd from each 
9thei, The inircni-hing totiJs arc depuriicd at the park ; 
till; artlAcer's tciols lent lo itie refpei^iivc work fhops ; and 
I the laboratoty limes to t>ic Ijborai'jry; the powder i> 
lp6gzd in the buildings allotted for it ; a fpace is left for 
the wjg-r^rs that arc to remain ; and the lenis of the 
ajTiliery-me;i are pitched where they can heft guard the park. 

Durinjj ihc night a patrolc goes conllaiitly round the parlc 
afid bboraiory, tn keep off piibgeis or fcouts of the enemy, 
and ouard agaiiift tire; fuffcring no flrjnger or idle perfoin 
to approach A throng guard is tlaiioned over the pow- 
der inagjT.ine, allowing none to come near it but rhofe 
who are known to have bufinel's. All ihcfe guards (houM 
be iLifiiifhed by the inianiry, that the artilkry men may not 
be diverted from oLher ncceffary duties. 

47. Things being thus difpoftd, the artificers are frt 
to work i the carpenters to prepare limber for conilrutling 
brid.-cs over the dilchcs, ana laying the platforms of tlie bat- 
teries: ihr- miners 10 make ready tlie frimes for the defcent 
into ihe ditch, and the artjct ol ilic countermines ; and the 
fmiths to repair any of the iron work that may liavc been 
dam-iged. 

The fenior officer of the bombardiers fuperintends (he 
Jahor^tory., Alt the combufiible articles ar;; lodged, the 
crnipoiiiions mixed, and tlie fules driven in the rooms' 
leaft cxpofed lo accident i and ihe fhflls and grenades are 
loaded under a fhed feparated from the other buildings. 
Thi^ee or tour fmall furnaces are eiedti-d in convenient 
places for mehing the pitch and glue. 

The working hours are regulated, and the grcateft ho- 
neily and fobrieiy recommended. The floors of the rooms 
where the fufes arc driven, and the compofitions mixed, 
are covered with oil-cioths ; all iron tools are forbid to be. 
uiedj no perfon is TufTered to brinj in fire of any kind, 
nor arc any of the people employed at the furnaces allowed to 
cnitr tlie noufc ; the loaded (hells r.re put by theuifeivej.' 
1'iic bombardiers thould rejet!;! all fplii or rotten fufef, 
left -■■■)t Iheiis buril immcdiatei) on being fired ; they fhould 
be c^refjl not to make them too thin, leA they fplit ii^ 
driving j 
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driving 5 and to cut them of a proper length : for, when 
they touch the bottom of the (hell, the head being too long^. 
may ftrikc againft the mortar when hred, and break off, 
fo that the flicil will not burlt. The fhells (hould be exa- 
mined before they arc loaded, and thofc rejected that do 
not ftund li'.e water proof. 

The fafcines (hould not exceed 10 feet in lenf>fh ; thofe 
of 20 feet are only ufed when the work- are intended ta 
Aand a long time ; as they arc more folid than works mac}* 
with fhorter ones. 

CHAP. IV. 
Of the Construction of the first Batteries. 

48. X H E objeii of the befieger, in tlic conftruSion of 
his firft batteries, is to difmount the caimon in the front 
attacked, dedroy the embrazures, and hahrafs the g.irrifon 
fo much in the feveral points of defence, that they may be 
obliged to abandon them, or at leaft flacken their tire; that 
the approaches may be earned on with more expedition 
and lefs danger : 32 and 16 prs. are ufed for this purpofc ; 
the batteries are conftruc^ed with embrazures, end (ituated 
fo as to fire direSfly againll the works : the edifices in the 
town are likewife cann'jrj^^ed from thefc batteries (iq). 
The befieged are perpetually harrnfled along the front at- 
tacked, with (hot and rtiells tired a richochet ; the batteries for 
this purpofe are made without embrazures, on the faces of the 
attacked works produced; whence they are enliladed with 
great precifion and effcdl. 

49. There are three kinds of batteries with embrazures ; 
funk, level, or raifed on cavaliers : the firft require fewer 
workmen, and are fooneft made, wherefore they are always 
preferred when the ground permits : thofe on cavaliers are 
never ercfted but t. rough neceflity, their conftrudion being 
very tedious and laborious. 

(PI. I.) If the ground at the points G, H, K, be fome feet 
higher than at P, Q^, the batteries ere^^ed at G, H, K, may 
be funk. If G,H, K, and P, CL, be on the fame level, 
the batteries may be hkewife level ; and when the ground 
at P, Q^ is higher than at G, H, K, fo that the fap cannot 
1^ carried on i^ithout the fappers being endangered by the 

R 4 firp 
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^^re- firom ihe baDcries G, H, K, then they miifl be ra'ifci 

' Mwi cavaliers. Mortars and tidiochcl bJttcrics fhtiuid be al- 

> , ways funic ; they may be maJe in liic a|}proachc9, whidl 

• will f»ve lime ; and they will be lefs cxpoled to any at- 

|k tempts of the enemy. 'TIw mortar batteriet, L,N. Q_, 

eiad the richocLet biiicrics M,0. arc fuiik in the [atalleU. 
i.Saticritrs for i^-hot Ihot tnay alfo t~c fiinK in fome ftrt 
L*f iheireiiches. It having been deinonllraied in the trca- 
kHfe on projo£ii)cs, that the path or a projc^ile is always a 
p.tutvi.d line, whatever be iis inltul vdociTy, or length of 
I r^nge, it is evident ihai the Hitcl^ tire mentioned above, 

rcan onty be relatively reputtd fuch in pr^idice : for, to 
expreft in few wordj ihr iiifterence between two lines of 
^ projci^tion, one of which is lOrtcl, or, more accurately fpeik- 
i ving. the curvature of which is but ftnall, and of ihc other, 
[■'largo; if we fujipofc ihe belit-^ed to be covered by the 
. ^^parapet& from tlie former, they will be expofcd to tile latter. 
. p. 50. The objea of the tirrt baticrics Ijcing to dirmouat 
^ the artillery thst may impede the progrcfs of tlie fap (17, 
-4S)) the fire from them lliould be nearly perpendicular to 
the faces of the W01S.S attacked, and at a proper diDzncc; 
„ that is to fay, from 400 to 550 yards from the covered way : 
'■■ when at a greater ciilance, the Ihot will oftcti ba of 00 
efTccl ; and when ncarei, ihey will be too much expoled to 
the mufquetryot" thepljce. Upon!!:!* principle, it fometimci 
happens rhar two bartcries are joined together, and prefent 
B fali»nr or re entering angletowards the place ; and at other 
times are entirely fep&ralc : lliis difference proceeds fblely 
from t!>e (Jtbnce between the battery and place, and the 
relative i-/aatio;i of the works. 

(Pi. I.) In this c:i(t, there are hut three batteries wW) 
embraiures, viz. G, H, K ; each of which has two hca 
prefeiui;!g a fa'iant an^le towards the place. 

If il.sfe batteries wtre eredled at the points R nearer 10 
the piLicc, the fjces Aould be feparated, and there would bf 
fix fingle baiterie!! K : again, if they were ereifted at S, lar- 
ther d:ilant tlian G, II, K, there would be three batteries, 
caci) prcfentiiiT a re-entering angle towards the place ; and 
if carried farther bade as to 1', there would, again be fix 
li.ifle batteries. 

If, infieiid cf varying the diHances of the batteries from 

the place, v.e fupptife a di6^erence in the relative poiition 

of the woilis, iht. batteries in cider that their 6rp may bf 

perpendicular 
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peq)€ndicular to the faces of the works, mu(l be ere£led 
more to the right or left, which will occafion iimilar 
changes in their figure and fituation. 

Some artilleries liaviog obferved that the batteries S, T 
elhbiifli a crofs ^re, concluded tliat they were preferable to 
batteries G5 H, K, the fire from which docs not crofs ; but 
to deftroy fo erroneous an opinion, it is fufficient to recoiled: 
that a crofs fire is only advantageous when the point of in- 
terfediion falls on the obje£l to be battered, when being 
thus taken in firont and flank, the effedl is greater. The 
lines of direction G A, L A, are precifely of this kind, as 
they batter in front, and enfilade at the fame time the face 
A ; whereas in the crofs fire X A, X B, though the lines 
of diredion interfed each other at the point Y, yet their 
effect upon the faces A, B, is the fame as if they did not 
interfed each other, and were drawn from the battery G. 

By heU> of the dirediotis given in this and tlie firfi chap- 
teT) it will be eafy in every cafe to determine the number, 
fituation, direction, and kind of batteries tno(k proper for 
battering the works, demoliihing the buildings, breaking 
through cafemates not confiruded with fufficient (olidity, 
and cannonading with red-hot (hot ; ic only remains then 
to point out the method of confirudlion. 

51. In regular fieges, batteries are conftrufted with faf- 
cines and pickers to give them the requifite folidity. 

So foon as the engineers have carried on the approaches 
to the places where the fir(l batteries are to be created, the 
commanding ofiicer of artillery makes a difpolition of his 
ofiicers : he detaches a captain to each of the mod confi- 
derable batteries as G, H, K, and puts under his diredion 
a competent number of fubaltems, non-commiflioned offi- 
cers and gunners ; he then accompanies the elded of the 
captains to the fpot where the battery is to be erected, and 
traces it out with pickets, leaving an interval of 20 feet 
between every two guns ; he does the fame at the other 
batteries in fucceffion. The captain of the firfl traced bat- 
tery returns to the magazine, where all the artillery men 
and panics of the line that are to work at the ccnfirudion of 
the batteries during the night, aflcmble before funfet. The 
adjutant of artillery makes the difiribution of pioneers, in 
proportion to the extent and kind of battery, allotting 14 
or 16 men to every 20 feet in length, when the battery is 
to be with embrazures, and funk ; and 20, or 25 when it 
to be raifed, the exact number of men being determined by 
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the diftance from the park. At funfc:, the captain takes 
the major part of the fubaherns, and a lew men lo kjury 
fafcines, pickets, and mallets, and marks out thebatic^)^ 
makiiig his detachment obfervc the roads and turnini>s, that 
the men who bring up the rto e^ may not njiltake t^;e vavj- 
which frequently happens when tii^ ptecaurion is nc^ietted, 
par^Rilariy if the road does not run aiun^ the trenches of 
communication^ but acrofs fields and meadows. \V hile 
the captain is thus employed, the i'uba. cms and a part of 
the non-commiffioned officers retuni to the ;^ark : the pi- 
oneers are by this time divided wito li^uails, and provided 
•with (hovels and pick-axes alicriiatcly ; they th.n 'oad 
themfelves v%ith fafcines and picke**^, and eachfquad with an 
officer in front, and a non-commiiiior^ed officer m rear, pro- 
ceeds with all expedition to the batccry , a ferjeant marching 
on the flank to make the men keep tlieli file's, and prevent 
the line from being broktn, or any unnecefTary delay/ When 
the fquads arrive at the battery, their work is pointed out j 
one or two being refcrvcd to tranfport the reft of the ma- 
terials from the park to the battery. 

52. In funk batteries, the interior face is traced parallel 
to the exterior at 20 feet diftant ; and on both faces, pickets 
are planted at every 20 feet to mark the centre ind diicc- 
tion of each einbrnzure. Oi\ tlie interior face, 12 inches 
are fct off to the right, and as many to the leit of ench 
picket ; and on ths exterior face 4 J teet to thciio^ht, and as 
many to tlie left, wlncn gives the tonn ct the merlon. A 
trench is then dug on the interior face 2J feet deep, and 
lifted with fafcines ])icketeu to the ground : to i;ivethe battery 
greater R>ildiiy, a lir.jtutr. or la- er of long [tickets is placed 
v^'iih the headi :e:li:\-:on the upper fifcines ; thefc heads which 
sre about 6 mclics in dia:ne* r ib.m part of the interior rc- 
vctcmcnt : the rjnnir.dcr of the merlon is traced with fafcines 
picketed to the -proline!. 

Thf" dirch is trv'n c!'il:ir^::d tovards the country, and the 
cartli thrown into tivj merlons : in proportion as they are 
railed, otiier fafcines are i>IaecJ, p.nd a layer of lone; pickets laid 
between e%cry two rows of fafcines along the fides of the 
embrazu es, and between every thice rows along the interior 
and exterior faces ; the llopc on both faces is a fourth part of 
the hcii?l\t. Tn Q:cneral, the mcilcns are not raifed above three 
feet tlie fall ni^ht. At day break the workmen are relieved 
by a f.eih working pnrty, ?.nd the ground levelled, that the 
carj'cntcrs may lay the platforms, At funfct a frefh party 

completes 
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completes the battery, conftru6te the powder magazines^ 
and mounts the guns on the platforms as faft as they arrive, 
that the battery may be ready to open at break of day* 
While the batteries are eredhng, a part of the line make 
two trendies of communication between the flanks of the 
battery and the neareft parallel ; this dc^chment is likewife 
relieved every 12 hours. 

53. In Jevd batteries, the figure is firft marked out with 
fafoines picketed to the ground, and not lefs than 20 feet 
allowed for its thicknefs when the foil is firm and tena- 
cious, and 25 feet when it is light or fandy ; leaving a berm 
5 or 6 feet wide on the exterior fide. The workmen then 
begin to dig the ditch, throwing up the earth to raife the bat- 
tery ; upon the fecond fafcine, on the exterior face is placed 
a layer of long pickets, and on the interior face another row of 
fafcines, which gives the heigf^t of the cell of the embra- 
zure. The ditch inftead of being widened -fhould be deep- 
ened as much as poflible the firft night, that the pioneers 
may the next day work under cover. The battery is feldom 
raifed above 2| feet high the firft night : the merlons arc 
traced in the manner before direfled. At break of day 
this working party is relieved by another confifting of half 
their number ; they enlarge the ditch all the day, throwing 
up the earth to form the battery or merlons, if traced. 
When the cmbrazures have not been marked out, the 
fenior officer plants the pickets at fun-fet for determining 
their diredion, and completes the tracing of the merlons 
at the arrival of the freih working party, whicli fliould be 
as numerous as in the preceding night ; for the fake of 
difpatch, a proportion of work is allotted to each man, that 
the battery may if poffible be finiflied that night, which 
however rarely happens when the niglits are ftiort. During 
this night alio the platforms are laid, and fome guns brought 
to the battery, if they be covered from the enemy's fire 
during the next dav. The following day and night are 
employed in conftru<5ting the powder magazines, completing 
the batteries, and preparing every thing for opening them 
on the third morning at fun rife. Jyuring the firft night 
alfo, the communications between the flanks of the batteries, 
and the neareft parallel are made, that in cafe of a faliy from 
the town, every part of the trenches may be mutually fup- 
ported. 

54. In conftruSing batteries on cavaliers, the firft ftep is 
to raife the ground to the fame height as the intermediate 
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ground between the battery and iKe place. Too miaj 
pioneers cannot he employed in this W'ltk during ttic iiighl i 
but duriiijz the day h nnaiiy only an can he covend from the 
•nera\'s fire; and to cxpciiiie the work, ttie foil ntareft at 
bind is uk'd. 'Ihe bicidlh at top IhouMbc atlcili 45 fttii 
and the llojie two tlimU of ilie height. A berm of 5 fm 
itkfl towards the place, and the dimetitlons of the battery 
axe the fame as bcfuic direded (si)- '" tl<° '^^^ ^f t^ 
bitiery a proper llopc is made for the drawing up the cannotu 
md adjuining to ii is conltructed ihc powder ina^ziiic. 

The battery tor fchool-prafliccon the other fide of ilic riWf 
Po will convey a juft idea of ihis fpecies of baiiciy, and fae 
at the fame lime a convincing proof that worlts which rs- 
quire fo much iime and labour, lliouM never be undcmkcn 
at a fiege, without an iibfuluTe neccfliiy, 

It has been advanced by fome authors, that the firft bat- 
teries Ihould always be crcdted on cavaliers, even if the 
ground be on the fame plane wiih the place, that grettcr 
part of the ramparis may be thereby difcovered : but if irt 
reflect how high the cavalier nrnd be raifcd before a fingle 
faox. of the revciemcnt can be Icen, it will appear rh:;i fuch 
s trifiing advantage by i>o means cotiipenfates for the lofi 
of time and labour j bolides, as the tirfl batteries are intended 
to diOhUunt the artillery of the pl3c:e, and deikoy the de- 
fences, this end will be fully anfwered when the lieficger 
from them can fee his objciis without endangering the live* 
of the fappers, or inttrniptin^ their progrefs. 

55. So foon as the fecond parallel is completed, the lirft 
richochct and moriar batteries are conftruftcd at the points 
whence the faces of tlie coveted way, and the attackei 
works can be enhladed with moft effea {17). Thefe bat- 
teries niauid be compleied in twenty-four hours; where- 
fore, 14 or i6 pioneers are allotted to every 20 fecti the 
liarapct is faced with fafcines, and the trench enlarged at 
much as may be ntceffary : paJiagcs of communication are 
made round the rear, to prevent any cmbarralTment ; and 
the powder magazine is conflruifted in the fpace between 
this communication and the battery. When the richochet 
i)3tteries can be incommoded by a plunging fire from the 
cannon of the ramparts, embrazures Ihould be made from 
6 to 8 feet wide, Hoping inwards : by this expedient the 
guns will be concealed, and may be placed clofer to tho 
parapets. When the fappcrs begin the third parallel, the 

firi 
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fire from the richochet batteries ceales ; fomc royal mor- 
tars are then placed in the fecond parallel to annoy the 
troops in the covered way ; and for the fame purpofe^ 
fome ()one mortars are brought into the third parallel^ 
fo foon as any part of it be fininied. The batteries 
for thefe pieces need not be faced with fafcines, unlefs the 
foil be fandy ; it being fufHcient if they refill the fhock of 
the difcharge. 

56- Tlie guns and mortars are drawn to the batteries 
during the night, along the roads leaft expofed to the ene- 
my's tire : proper bridges having been previoufly laid over 
the trenches for their paflage : the horfes fhould be changed 
where the ground is leveU and any that are killed or wound*- 
ed immediately unharneflTed. 

If the road be expofed to the fire of the enemy's muf-- 
quetry, two or three guns only (hould be brought forward 
at a time, to avoid the confufion that arifcs when any of 
the horfes or drivers take fright. In mountainous (itua- 
tions, where the mufquetry of the place has a great com- 
mand, new roads for the cannon (hould if poflib'e be made 
lefs flcep and expofed. In Acep and winding roads that 
cannot be made pra<5iicable for horfes, the guns muft be 
dragged by men : when this muft be performed under th« 
fire of the place, ftricl filence and regularity (hould be ob- 
fcrved, ^nd the whole halt and move forwards at once, 
by fignal from the commaniling officer. 

CHAP. V. 
Of the Daily Service of the first Batteries. • 

57. X H E batteries being compleated, the general of 
the trenches for the day gives an order for them to open ; 
and immediately each battery direiti its tire againft its par- 
ticular obj'HSt. 

The richochet and mortar firing is continued, but the 
diroSt firing ceafes duiing the night. By ufing moderate 
charges, loading the guns with care, and pointing^ them 
with .'»ccuracy, the fervice will be carried on with precifioa 
and effciSl : for when the guns in the firft batteries are fired 
ivich the charges that produce the longeft ranges, the objcdt 

is 
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U firequent'y nai(Ti»i from the violent ihock that ihc cairwge 

^lliUDt, J great qujitlity of amimmitiun i& ufclcnily expended, 

adfi itie gunx arturicii letxlcral unfenicnblir, bciote the coa- 

I dufioiitir tlie liege. 

58. In making the dtlUibuiion of aftillcry-men, thefoi- 
kiwtng U ihc prupoiiioii lo be relieved every 24 hours { viz. 
cij^t men to i 32 pr. iix la a 16 pr. i^inchoritone monait 
four to an 8 pr- -'Mti 10 inch inunar ; and two to a royal 
mortar. An wflicer und noii-cunimiirioned wicker arcai> 
tached 10 every ^ur 6 pieces) and when a b.iitery containi 
1 grcjicr aiiinbcr, it is commandccj by a captain. 

59. J'hc objcd of ihe direct Hring ii to difinouni the ar- 
tillery and Tuiri tliG defences 'lial thegirrifon may be unaUc 
to work, their e.u\i» when ciic hctieger has eflablillied himfdf 
with his muii|iidry in ihe ftcond i>r third parallels. The 
firing from any battery Ihould never be diverted from the 
aanicular object againil which it is intended to any other, at 
Hich dcfuhoiy optrations arc generally intfHcauous lo>«ards 
Ihe reduction of tiw place. The common rate of firing 
from batteries at 3 iie^e is at moll 9 ruundk an hour from each 
gun. 

in richochct tiring, the guns arc elevated between 8* 
«td 12°; and focd v\ith very rmall charges, jullfufGdeoi to 
ihn^w the (hoi ovtr rhc parapet or into thecover«d-way; 
that it may aftctwaids make feveml bounds: the proper 
charge havin;; bctti arccrtained, is put into flinnej cartridges; 
that the p;iwd^r b:'!ii^ :ii»v3ys colleJcd rogether in the fame 
manner the inflaminaiion may be uniform ; and fince the 
firing is to be continued day and night, the coins and plat- 
forms (hould be cnarked that the elevation and dire^on may 
remain the fame. 

In batteries for throwing red-hot (hot, a large iroirgnte 
is lixed behind the battery ; the (hot are laid in it and a 
flrong fire kindled : the proper charge for throwing the Ihot 
into the place with an elevation from 8 to 11° is put into 
the gun with a wad and" turf over it j then the gun being 
pointed and primed, a gunner fpunges it out with a wet 
%iunge, and with a pair of pincers puts the red-hot (hot into 
the gun, and another gunner inliantly feis 6re to the priming 
vith a match. Thefe batteries likewife lire night and day { 
but as the guns are foon heated, the firing ceafes at proper 
iotervals to allow them time to cool. 

6e. The mortars intended to enfilade the works in order to 
difmouDt 
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difmoimt the artillery and harrafs the beficged, (hoiild be laid 
at fmall elevations, that the (hells may nor bury themfelves : 
and when from the fmall extent of the work to be Enfiladed, 
this method would produce no effect ; the charges fhould be 
dimini(hed and the elevation fixed between 35** and 45^, 
being that, as has been already obferved, which is leaft liable 
to irregularity. iVIortars defigned for breaking through cafe- 
mates fliould be hied at the higheil elevation and with the 
Jargeft charges, that the fhells may produce the greaieft eflFeS, 
fuppofing they fail on a horizontal plane: but if it be inclined^ 
the charge mufr be fo combined with the elevation as to 
caufc the greareft poUible fliock. The folution of this pro» 
bicm may be found in the ^Ifav on projectiles. Seldom more 
than 5 rounds from each mortar can be fired within the hour, 
from the very great attention neceflary in loading and laying 
them.^ The fchool pradlice will (hew the fervice of (tone 
inortari at fieges ; the (bowers of ilones proje<£led from them 
produce great effedt when fired at an elevation between 40** 
and 50% and with a range not exceeding 270 yards. 

61. In cafe of a general fally of the garrifon, the officers 
will direct as heavy a fire as pc flible from the batteries againft 
them, bring fome of the guns to tlic flanks of the battery to 
cover the adjoining parallel ; and ufe round or cafe-(hot accord- 
ing to circumftances. There are frequently fome field pieces 
placed on the flanks of the places of arms for checking for- 
ties. If, in fpite of thcfe difpofitions, the guard of the 
trenches is overpowered, and the enemy are on the point of 
getting poiTeffion of the bntteries; the artillery men (hould 
dilcharge all the guns, and cany the fide-arms into the paral- 
lel in the rear, left the enemy turn the guns upon them. 
But thefe enrerprizes cannot Vc of long duration, for as fooa 
as the befiegers advance in force, the garrifon will be com- 
pelled to retire; the artillery-men (liould then inftantly re- 
turn to their batteries ; and in the firlt place examine the 
magazines to fee that the enemy liave not concealed any fire 
in them ; they (hould then recommence their fire againft the 
troops of the fortie, and when the adion is over repair any 
damage that may have been done to the battery. 

62. The commanding officer of artillery will vifit the bat- 
teries every morning to fee that the fire be well direfted, 
and examine the efTc61s of the preceding day : he will then 
go and make his report to the commander in chief of c\'ery 
thing within bis department, and fubmit to him his ideas or 

the 
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the fiiiare conduft of the (lege : he will vifit ihc baucrfet 
a^in !n ihc al^crnooni taking wiih htm a l\»ff offiar^ lo 
Uke rw'c* of what ammunition will he waniing for tlic cur- 
rent fiTvice of the following day, and wlur cafc-fhot atid 
fliiiiiel caiiridp;s, to enable the baiicries to keep up a very 
dofc fire in calc of failics; he will alfo exauiiiie whether ihc 
magazines of llic centre >nd flmks uf the frcond parallel be 
provided with cartridges and flints for the infantry. On Iiis 
return to the park, he will direct the :irtic!es tlut ;<re to be 
fcnt to eath battery to be fcparatcly prepared ; and delivered 
over to the non-com mi ffioncd officers and privates detached 
in the ewcciinR to receive and eonduiS iliem ai dofe of day, 
along the roads that lead mod dircflly fiom the park to their 
refpcdlive batteries. 
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63. J.T being the obje£l of the fccond batteries m make 
pniticabte breaciies in tbc works, ilicy ihould be combined 
two and two logcihcr in fuch a manner, that while one bai- 
ters in bleach toe oihci may pijy on ilic defences that cuvcr 
the breacli, Tii^ IcconJ moiur-batieries will bepioperly 
clirpofcd, if while one bombards the worlt that ihc befiegcr 
intends to ^Ivc ihe aflault 10, and prevents the gartifon from 
tlirowiug up intrench men ts within it, or at Icalt retards iheit 
conllructioii i [lie other dirrCtii its lire agajnil ihe works that 
defend the breach : fo that the g:arTifon may from the conti- 
nual ftiower of (helli bL compelled to abajidon ihe d::fcnc«s ; 
or, if they periift in remaining, be expofed 10 great I0&. 

64. When the trenches are advanced under the fire of the 
firft batteries far enough 10 ellabhih the batteries in breacIi, 
the artillery-men will conilru<5t them on the points wheticc 
their fire may the motl fpi^edily and effectually render the 
breaches practicable. 

If the profiles of the works be advantageous far defence, 
and there be no commanding paints, the batteries in breacb 
and. the collateral batteries mult be ereded on the creft of the 
glacis; but if there be a rifing ground, whence at leall half 
of the circuit of the place can be feen, and any points nearer 
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to but lower than the works, whence they can be battered 
with effeft, as in the cafe of the place being built on an 
eminence and much expofed ; then the batteries in breach 
fliould "be ereded on thefc points and collateral batteries e(U* 
blifticd to deftroy the defences. 

Each battery (Iiould be ereded oppoCtc to that part of the 
fortification which it is intended to batter; and the breach 
will fooner be rendered practicable, if fome guns can ba 
brought to bear upon it obliquely. The fervice of the mor- 
tars will be mod exacEt, when their batteries are perpendicular 
to the faces produced of the works that are to be bom- 
barded; thofe for the ftone-mortars fhould be eAabli(hed ia 
the moft advanced lodgements, taking care that the Aont$ 
from thtrir fpreading can do no injury to the befiegers. 

65. The third battciics are conftruiSed on the outworki 
of the place : when there are two lines of cut-works, the 
befieger after reducing the firll, mud creci a founh fet of bat- 
teries in the outworks moil contiguous to the body of the 
place; he will alfo be under the necellity of doing this^ 
whenever the body of the place is conftrudled on 2if^em of 
dtmoUuon^ or with double bailions : he mu(l determine oa 
the fpot from adual obfervation, whether there be any readier 
or furer method of reducing them than by opening breaches. 

66- In tlie fecond plate tlicfe directions (63, 64) arc 
exemplified : the battery in bieacli A is oppolite to the part 
M M of the face of the ravdin in which a breach is to be 
made, and fome nuns might if neceiTary be placed at I to 
bear on ic obliquely ; the collateral battery B is direi^Hy op- 
pofite to the part Q_that flanks the face M M. The battery in 
breach C is oppofite to the part N N of the face of the ba(iioi> 
in which a breacli is to l^ made, and if the ground at C 
does not admit of a fufKcicnt numlx^r of guns, two or three 
may be planted on the face O of the place of arms, or on 
tJie lodgement made by the fap(>ers witliin it ; thefe two bat- 
teries will be fupportcd by the collateral battery D oppofed to 
the flank R. 

The face MM of tlie ravelin and the flank R arc ci\filaded 
from the mortar battery G; and fome ftonc-mortars are 
placed at F and E, to project (lones into the flank R and 
the ravelin P, and interrupt the communication between the 
ravelin and the body of the place. The mortar battery K 
enfilades the ravelin and its communication, and contributes 
to annoy the flank R, and the part Q tliat covers the breach 

S MM: 
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MM: finally, the mortar battery H enfilades the face N Q_, 

as well as the imerlar of the bullion. 

If there be a cavalier, icnaille or faulT^-braie, fo as to 
make R a double flank, the iiunibcr of mortars Hiould be 
increafed. 

All ihe diTpofitions here laid down for attacking the body 
of a place, arc equal applicable to the af.ack of a more ex- 
tended front, whether covered with horn or crown-works, 
k 67. With counicr guards before Ihe baliioiis and ravelins, 
B.the batteries in breacli Ihould be conflru^lcd in fuch a manner 
" tfjat after tlic counter- guards are reduced, the guns may bear 
on the woiks they .coveted, in cafe the profiles of the coun- 
Wr-p:uards arc too nairow 10 admit of ihc third batteries 
being ere.3ed on them. Thus, l»aTteries Ihould be erefled at 
A, B {PI. 3.) to open a breach at CCccncfpondingtothe part 
K K of the fate of the ravelin s and other batteries at D, E to 
open a breach atFFcorrcfpondlngtoihe part LL of the face 
of the bsftion. Tlic collateral ballcries ihould be ere^ed 
agreeable 10 the preceding maxims ; one at G to bear upon ihi 
flanking part I ; and another at H to bear upon M. When 
tile befieger after getting polTefiion of the con liter- guards, 
— finds himfelf under the neceffily of cnnAru^^ing a baticry at 
' N to ntin the defences O of the hrcacli K K ai;d another at 
P to ruin the defences Q_of the breach L L, and the coun- 
ier-guardi are fo narrow that the guns cannot be brought up 
through the breaches C C, F F 10 the refpeaive batterlci 
N, Fj he mijft conrtruiS four others on the crcft of the 
glacis i viz. one at R to make a breach at N where the. 
guns may be get up, and a collateral battery at S to ruin th< 
defences T ; a third at V to make a breach at P in order to 
get up the guns ; and a collateral battery at X to ruin the de- 
fences at X. Under this fuppofition, the number of guns 
for batteries on the creft of the glads, will far cxccea tbn 
number requifue for the firft batteries -^ which mull be allowed 
for in making up the proportion of (lores (28}- 

The rules given for the mortar batteries will he equally ap> 
plicable to this as the preceding cafe (64}, and will give the 
fame pofition Y, . 

68. The batteries conl1ru£led on the crdl of the glacis 
are always funk, (ince the lodgements made there form a 
parapet. It fhould never be lefs than 20 feet thick -, and for 
greater foHdity the interior part (hould be faced with bfcines. 
Tlicdiflar.ee between every two guDS ii 20 feet, independent 
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of the traverfes of which there fhoujd be feveral to prevent 
the batteries being enfiladed. The interior width of the 
' embrazures (hould not exceed 20 inches, that the gunnery 
may be (hehered as much as poiTible from the mufquetry of 
the place; without this precaution the fervice will be much 
retarded. 

If the place be fo fituated that it can be battered in breach 
from any of the adjacent points, batteries fhonid be ereded 
on them without regarding the lodgments on the glacis 5 
thefe batteries may be either funk or raifed according to the 
nature of the ground. 

The artillery- men being very much expofed to the cnc-r 
iny*i mufquetry during the conftruction of the fecond bat-i^ 
teries, the general of the trenches (hould order a number of 
markfmen to be Rationed at proper places behind fand-bagg 
or gabions, to keep up a continual fire on the parts whence 
the ariillery-men are mod annoyed. While the batteries are 
erefling, the commanding officer of artillery gives the necef.- 
fary orders for moving the guns towards them, caufing pro- 
per bridges to be laid over the trenches for thi^ purpofe* 

If there be a dry ditch in the way, a llope may be made 
for getting the guns acrofs j but if wet, a bridge muft be 
thrown over. When the approach to the batteries is tole- 
rably level, the guns may be drawn up by horfes one at a 
time, to prevent the confufion that generally enfues when a 
gun is difmounted or a driver killed : when the approach 13 
narrow and fteep, the guns muft be dragged by men. 

69* The batteries for making breaches (hould fire day an^I 
night, diredting their fire againft the foot of the wall ; and 
afterwards againft the counterforts : fince the earth foon . 
crumbles down, when the counterforts that fupport the wall 
are beat down. A wall not very thick and folid is fooneft 
demoli(hed with fmall charges and an oblique diic<Slion ; on 
the contrary, the charges that give the greatei^ initial velo- 
cities (hould be ufed againft walls of great thicknefs, provided 
there be no danger of the guns becoming unferviccable before 
the conclufion of the fiegc. It will be likewifc projKT to fire 
falvoes^ i e. to difchargc all the guns together ; as bclide the 
holes made by the (hot, the adjoining parts arc more violently 
fliattered, even in the moft folid revetements. The collateral 
batteries feldom fire during the i\ight, their primary object 
being to difmount the artijler)' of the place, and enlarge the 
.cmbrazurei fo as to render it dangerous for the beficged to 
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work their guns. When this fcrvicc is cH'- ^n-i'ly pfvfiw 
their tite is (tireiteci againA the orhcr pans of ilie |K"|icf to 
dcilroy all tTiHier for the enemy, and ihc v\holc ii io^on'^ed 
by a nridt fire of inufquerry from the bcficgera, tn»r the ar- 
ti!lcry-mcn being coveted may fire with greater jullneft and 
prcciGon. The Tecond mortar-batteiies will lire day and 
night accordins; to the former direfljons (63, 64.)- 

70. The ihitd batteries are conllTuSed in ihe lodgmenii 
made in the oiitworics, and tlie fame fiiecauiions taken as 
during the conftruiSion an.l fervice of the fccoiid battcrict to 
cover the artillery-men from the tire of the place. 

When there are Tio ouworks but ra\c!ins, and the enemy 
fecm determined to defend tlic breach in tiie baHion to the 
laft extremity, fomc guns fliould be brouglit, into the lodg- 
ment made in the gorge of the ravelin, to bear on the brcacbj 
or a mortar- battery conflrurtcd, to tire inceflantly imo the 
banion, to prevent (he garrtfon from throwing up jnirench- 
menls to protraiS the iiciie. Should the curtain be covered 
by a tenaille or other works, a L-aiiery niuft be condrtj^ed 
in the ravelin to fire againll it. 

When the baftions are double, or cptiflru(Sted on a fyftein 
of demolition, and a lodgment is comjileted in the cttcrior 
ballion between the fumniit of llie I'lvach ?.n6 ihc ftcond 
btfion i, the befieger truft creft a third battery to dcmfiiiOi 
the interior work, when it can by this method be efFeiacd in 
lefs time than by mining. 

Fig. III. Should the profiles of the counter-guards admft 
of it, the third batteries may be conftrufted at C C, F F, to 
open the breaches at K K, LL"; and the collateral one* at - 
N, P to ruin the defences : irt this cafe, it may perhaps be 
neceflary to erea the founh battery in the ravelin or baftioru 
Biit with narrow proHles, the parts C C, F F, muft be bat. 
tered from A, B, D, £, till titey are fo comi^etely beat 
down that FC K, 1/ L, can be battered in breach from A. 
B, D, E. 

The befieger having made himfclf maftcr of a hcHTi or 
crown-work mould cr^ the third batteries on the terre-plein, 
the interior Hope, or the gorge, as may beft anfwer his pur- 
pofc; the mortar-batteries ohay be pkiced in the ditch before 
the front of the work. 

The greateft difficulty met with in completing the rfiird 

and founh batteries, particularly when conftrutited on the 

counter- 
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counter-guards is in getting up the 32pr$. which from the 
narrownefs and fteepiiefs is a very troublefome and tedloug 
operation, (ince they muft be dragged by men* 

CHAP. VII. 

Of the Attack of Countermines. 

71. XJlITHERTO the befieger has been fuppofed 
to conHrud his batteries on the glacis and the other parts of 
the outworks, without any molcAation from the counter- 
mines of the befieged : but if the place be well counter- 
mined and under the direction of fkilful officers, the efta- 
blifhment of the batteries will be a very arduous undertaking ; 
£nce in this fubterraneous war the advantage lies on the fide 
of the befieged. That the feccnd and third batteries may be 
ereSed in proper fituations, and the fubfequent operations of 
the fiege not retarded by the fpringing of the countermines, 
one of the firft objefts of the befieger is to render them of 
no effctfl ; either by filling them with water by means of a 
canal made for that purpofe \ by rendering the air unfit for 
refpiratiop, by throwing into them various compofitions that 
emit an infupportable (tench and fmoke of a fetid and poifon- 
ous nature; by making a few fougafifes to cut oflT the com- 
munications between them and the body of the place; by ovcr- 
fettingon the principle of comprefllon, the galleries and bran* 
dies intended to blow up the batteries; or finally, by feizing 
pofleflion of the countennincs along the front of the attack and 
preventing the befieged from entering into them. But the 
befieger not having it always in his option to adopt the moft 
convenient method, even when provided with an exafl plait 
of the countermines; and being, when he has no plan, under 
the neceflSty of feelini> his way with extreme caution and at 
great hazard;' here follows a general idea of each mode of 
attack, that the befieger may judge which is befi fuited to tho 
particular exigency . 

72. When the level of the countermines is lower than 
the ditch, fo that a fiream of water may be made to How 
into them, this expedient will be the moft eafy and eflfecShial. 
To this end, the pioneers are employed in digging a proper 
canal i while the miners divided into fquads arc fearchiQS 
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for the t^ddpal gdleriet, titber bv flnkitig fluiftt or malunff . 
fldpcSfinthe ^acis; and the inftant th^ have difcovered 
one^ tluy make an opening to turn the water of the canal 
into it« 

jt. If the countermines cannot be inundated, thereadieft 
ind leaft dangerous way is to attack them at the ennrancei 
which is known to be in the fsOiant slid re-entering angles 
of die ctivered way, and deflroy them : the . beffeged wiH 
be then- prevented from penetrating into thoTe under the 

E*iGtsI To this end,. the Tappers muft effed a lodgment 
tweeo the faliant angles of the covered way and the pbc^ 
of trms : when thefe lodgments are eflfcded, the. Iquads of 
miners mud ;m expeditioufly as poffible fink (hafis . a little 

^ lower than the countermines, from 40 to 60 iieet dilhat. 
fixMD each other, and carry on two branches pariUel to die. 
countcrfcarp and a return at the extremity of each to fqnfll - 

"^ the chambers ; which mufl be well loaded, that the |4jciia« 
ing galleries and branches may be entirely overfi^ by. ijlie A- 
plofion. If, in the courfe of this, work, they meet; 1^ A 
gallery, they mud imm«dialeiy break into it, andtl|yp6wte. 
quantities (x fe^ compofitions to make it imoofiitjelbrilie 
bcfie^ to re-enter, that that they may finim their oiiace 
vrithout moleftatioQ I they (hould be fprung as' ibon ei 
completed. 

When the befiegcd deftroy any of the (hafts by fpringing 
a Countermine, others Hiould be immediately funk at fuch a 
diftancc from ilie former, as not to pafs through any of the 
earth (haken by the explofion ; fince the labour of the tniners 
in work ins; amonc loofe earth is endlefs, for the fides crum* 
bJc down as fall as the excavation is made. 

SuppofiRg thefe (hifis to be completed and the chambers 
charged, other fliafts may be funk in the lodgments on the 
creft of the glacis, particularly on the capitals of the works, 
for the purpofc of more eafily exploring the enemy's galleries 
under the glacis and entering them, when the communica- 
tion between them and the body of- the place is cut off by 
fpringing the mines under the covered way; and when 
by means of tlicfe (hafts a gallery is difcovered, a party of 
armed miners ihouid examine whether there be a poflibility 
of the beHcged returning into it. If it be poflible, they 
(hould penetrate beyond the points correfponding to the 
attack, and throw in fome fetid combuftibles, taking care to 
retire time enough to fave themfelves from fuffocation ; and 

then 
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thfn de(ht)y the communicatioo ^ith tools, ami afterwcfs 
with a chamber, which wiii eflfecluillv deprive the fcc£ggai 
of all accefs. 

When tl'icre are two ftages of countermires, arxi the 
miners in |)enctraring into the upp^cr one, find the vex»tiIatCTS 
belonging to the Iov;er fisge; :hcy ihould :hro« ir* fjcn. 
q.iantitics of fetid combuflibles as vki.I rerxier ^: impofilbte for 
the bcfiegcn to remain in thtrm, taking t.^eprt^aoficn toci^tis 
the venriljtcrs, tlut thev mav rot be incocnmodcd br the 
fmell and fmoke, ^hich in tuc^ fubteraACCij5 opcratiocs arc 
extrenfiely pernicious. ^ 

74. It has hi:heno been fuppoTe that the groand arand 
the place is nearly level : but when the fortreff ij boilr 00 a 
tongue of land, fo that the front ot the anack be fermi* 
nated on each fide by a deep ravine, the cn:ner» maj tfaca 
driv^ a (haft below the cojnterm'ine^, aod thryJe '^rxs of the 
outworks on which the biMeriet are to be cneaed^ acd 
make fome chambers for blowing op the i»cHu, or at ^ 
deftroying the ccuniermiries : or, if the frfa<e be &'.^3Ced 
an eminence, and the (lope of the dads f Jch that tr^ Auvn 
can drive a (haft below theco*jritermlryes and penetrate oodcr 
the points where the feccr:d ba!:trie« are to De ercftrrf, ad* 
vantage (hould be taken of ihefc ciri»iT.raKCC». 

It ihould in eeneral be under/r^x/"., tr«ki w&ererer aDjr 
fubterraneous work of great extnt is carryir^ oa^ a V^^^ 
mud be made to give a fr:e circulation of a.r ; bat io \ \amtA 
operations, a branch which \% foorjcr inade Trill aiofirer rrcry 
purpofe. 

74. If the bcfiejed mate no attempt to dc^cy the fiufis 
in the covered way (73;, it is a Ci*n e»rh*a' rjit f sej arc 
if^orant of their doty, or are feized m'^f^ ciis^a; ; -rnxjs::''^ 
fore, if the miners meet with any of their ^^jtt^ .rir<a#: ^A 
cmpoifoning them, thev (hould erifcr trjcm ar-d adrarios 
towards the doers that lead into thie ditch ; and Uny^x^fA 
by a fecond detachment proceed into the lar^e jp«>ry ''-/-. each 
fide,' till they have pafied beyond tne frr>cif r/, x\^ aiUcv^ 
and deftroyed the gallery in every part hv whkfc t*^ r^yrffA 
can re. enter the countermines': when 'here are two i^,^, 
they (hould endeavour to AtktrA .r-to the ki^er <r-t, *. A 
approach the doors that lead immediardy to the b^xi;* ^/ ' a 
place ; this gallery (hould 'M> be dd^r-vyrf *ir^, %^e ^-ti* • 
f^rpcdition. Ha.ing thus taken pafieSicri ^/ t>e v^-'^-^- 

'^ S 4 ff--^»» 
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mine*, they (houM make fougafles 10 render ail endeavour* 
of ilie gsfrifon 10 regain ppfTcffion of them ahonivc. 

j6. The difcuflion of this fubjecl has been hirhcrto con- 
fined to Ihnfts, galleries, branches, atul chambers made in 
firm and folid ground; but in a loufe r:tndy foil, Ihe exca- 
vation reciuiics ilic addition of frame* und planks, to fup- 
port the c«rth along the whole of the fubiertaneous work: 
■nd as thefe operations mud be perlornied as expeditioufly 
ss pofTiblcthat ihc befieged may have the lefs lime to deitroy 
them by countermining, the fquads of mineis diould be re- 
lieved every fix hours; fince in that time each man will 
have had Iiii turn of the mod laborious part of the work. 
Shafts arc generally made fquare, and ihc diincnfions of 
the rmallcll arc ^i feet. The galleries are 6 feet higji, and 
iboui 3{ feet wide. The branthes 4,1 ftct high and 3 fc« 
*idej a return ii made at the extremity of each branch fot 
Hie chamber which is of a cubical form, and in it is placed 
B wooden box of the fame figure 10 contain the proper ijuan- 
tUy oF powder ; the fpaccs between the lides of the chamber 
and the box are filled up with <lay or dung. The fauciObn 
is laid in a pitched wooden trough ; and the branch and 
adjoining (haft or galkry tilled with bags of earth orfarw}, 
end (he angles barred wiih rtronj oaken planks, fupported 
by CTcfs bcam.i, that the line of kali refifiance may be on 
the fide againd which the limine is intended to aQ. 

j-j. The quantity of powder for charging mines, in- 
tefxled only to (hake the ground without making any ex- 
cavation, depends on the quality and tenacity of the foit, 
and on the line of leall rdiftance: but it being fomctimes 
out of the power of the bclieger to make proper experiments 
for afcetiaining the t^nutiiy j the following table will km 
as a rule for the quantity to be ufed, in a foil of fueh tenacity 
as to need no frames to fup[Wrt it, in order lo ihake the ground 
from the bottom of the chamber to the furface, withom dif- 
placjng it; fuppofing the powder to be of a Arong quality and 
wt■^ prefervcd. 
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Table of the Quantity of Powder, for charging Mine» 
under different Lines of lead Refinance. 

Lines of leaft Interior fide of Quantity of Powder for 
Refiftance. the Chamber. charging the Chamber^ 

Ffti, Fete, iMcAet. Cwt. fn, ih. 

10 — 12 — 03 l8i 

13i — I 7 -* 2 O li 

16J — 2 1 — 3 3 loi 

20 — 2 4 — 6 2 10 

23t — a 9 — 10 2 13 

26| — 32 — . 15 2 27 
3^T "^ 36 "• 22 2 if 

33t — 3 " — 30 1 16 

364 — 4 4 — 41 o o 

40 — 4 9 — 53 1 22 

434. — 5 I — 67 3 l^i 

464^ — 56 — 84 2 27i 
49t — 5 " — 104 I 9 

78. In the ufe of this table, it ought to be obferved that 
the object of the befieger being to deAroy the coimtermines 
eflfe<5lually, liis mines (hould be fully charged ; wherefore the 
quantity marked in the table (hould be generally increafed by 
a half : thus, if the line of each refinance be 23 feet, the 
quantity of powder for the charge according to the table is 
io| cwt., to which add 5 J cwt. or the half; then 15^ cwt, 
will be the charge required, to be contained in a cubical box 
of about 3 feet 2 inches on the interior fide. If the tenacity 
of the foil be greater, the charge muft be increafed to double 
the quantity in the table; thus the line of leaft refinance 
being 26 feet, by doubling the quantity 15! cwt. marked in 
the table, 31 cwt. will be the charge required to be contained 
in a box 3 feet 1 1 inches jon the interior fide. In loofe fandy 
foils, the fame rule mull be obferved ; as the elafiic fluid 
efcaping more eafily, ads with lefs force. 

79. By whatever method the befieger fucceeds in ren- 
dering the countermines ufelefs, he (hould inftantly proceed . 
to the conftrudion of the fecond batteries ; and for greater 
fecurity, keep fome miners ftationed in the galleries that he 
has taken pofl^effion of, to liften if the befieged make any 
efforts to re-enter. 

8o. The 
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8o- The eountermine^ under the outworks or ditch, miiH 
be attacked before the inird batteries can be ercflcd. 

Ifthe profiie of the attacked wortc be narrow, aslhatofa 
counter- guard, for example ; two or ihtce holes, diftanl from 
each other aboui 50 or 60 feci, IhoulJ be made near ihc foot of 
Ihc revctcmeni by the battering guns ; floping even for that 
purpofe. if neccirary, the enibra/.urcs and the top of the 
counterl'carp : the wali being thus pierced and the derccni 
and pafljge acrofs the ditch completed by the fappers, rhc 
miners Ihould be iniroduccd into each hole, to drive a fhaft 
into the lerreplein, equal in length to the height of the wall ; 
and having made brjnchcs to the right and left, ihcy Ihould 
make a chamber al ihc cKtrcniiy of each, lo defiroy the fur- 
rounding countermines. If ihcy meet with a branch or 
gallery, they IhouM endeavour to chafe the befieged iiom it 
by throwing in feiid conibufiiblcs ; and in the mean time pre- 
pare and charge a chamber or two to deflroy thcfc counter- 
mines and (hake down the cafemaies : while one parly of 
miners is thus employed, another Ihould explore the commu- 
nications leading lo the couniermines under the glads from 
the attacked outworks, in order to drive the beiieged from 
thence by force or other means. 

Thefc operations are carried on undercover of an incenant 
fire of mufi^ueiry frum all the lodgements that b?ar upon 
the ditch, to check the betieged in any attempt to deAroy the 
cpaulment, or diOurb the miners. 

81. If the attacked work be very fpacious and the be- 
fieger under the necciCty of erecting batteries at the gorge; 
after having dellroyed the countermines under the breach 
(80), he muft effcifl a lodgment in the gorge by alTault; 
and then by fmking (hafts endeavour to cut off the commu- 
nications between the countermines and the body of the 
place: for this purpofe ihe diredtion given (^3) feu* the attack 
of the countermines under the glacis may be fuccefsfully 
applied. While this is going forward, he (hould endeavour 
by means of the (hafts funk upon the capital, or of the coun* 
termines he lias got polTclTion of, to penetrate into the gal- 
leries under the gorge of the work, and totally expel the 
befieged, afcertaining by thefe means the fecurity of his bat- 
teries. 

82. From thefe premifes it may be inferred ; 

I . That to attack a place with two Hages of coun" 

termines, theie muft be a large corps of miners and 

jrett 
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|rcat confumption of powder; and even then the.pro* 
grefs of the befieger will be flow, if the garrifon exert 
ihcmfelves. 

2. That it is neceffary to have an exaft plan of the 
countermines j otherwife much time may be loft in ex* 
ploring them, or they may be fo badly difpofed as not 
to merit the trouble of counterafting their cffeSs. 

CHAP. VIII. 
Of the Surrender of the Plac£» 

83. X H £ artillery will continue firing after the cha* 
made is beat, till ordered to ceafe by the general of the 
trenches for the day, or till anfwered by tlie befiegers ; and 
every thing will be kept in readinefs for renewing it at a 
moment's warning. 

While the terms of capitulation are fettling, no perfon Is 
to be fufTered to reconnoitre the batteries and approaches. 
When the capitulation is figned, and one of the gates of the 
place taken pofTefTion of by fome picquets of grenadiers, the 
commanding officer of artillery, by order of the commander 
in chief, will fend the fenior officer to receive the artillery 5 
and the fenior officer of miners, accompanied by one be- 
longing to the garrifon, to examine the countermines. In 
the mean time the batteries are provided with flores, ice. 
till the place be entirely evacuated. 

84. A few hours before the garrifon marches out a de- 
tachment of artillery will be fent to receive the keys of the 
magazines, and take an account of all arms, ammunition and 
ftores i and all places where any articles may have been 
concealed or depofited : to be the more exa6t, the officer 
commanding this detachment fhould demand a copy of the 
inventory of flores previous to the fiege, and an account of 
the expenditure while it lalled. 

Every article that is liable to be ftolen fhould be locked up 
in the' magazines, and a fufficient number of centinels and 
guards pofted for their protedlion. 

After the evacuation, an inventory of ftores muft be made 
out ; the guns, &c. drawn back from the batteries to the 
park^ and every thing prepared for marching: the guns 

fhould 
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Ihould be examined, and their condition reported. The 
Gommander in chief will dire<3 whether the town is to be put 
into a pofture of defence, or the works difmantlcd : in the 
former cafe, the commanding officer of artillery wil] go 
round the place accompanied by the officer deftined to be left 
io the command of tlie artillery, and order the necefiary 
quantity of (lores to be completed from the park : if it is 
to be difmantled and the worlcs demoliflied, he ^a i!.I leave the 
proper quantity of powder, wood and tools, for undermining 
and blowing up the works, and caufe ail the artillery and 
the remainder of the ftores to be tranfported to tlie places 
ailigned by the commander in chief. 



CHAP. IX. 
Of Irregular Sieges and Blockades. 

85.»^IEGES are termed irregular, when any of the 
operations requifite for befieging a place in form are dif- 
penfed with. From this definition, it is evident that tlierc 
are diiterent kinds of irregular fiegcs, which vary accoiding 

to circumftanccs. If in the vicinity of a place there be any 
deep ditches, ravines, or rifing grounds, that may Uvc the 
bcfiegcr tlic trouble of breaking ground at a diftance, and 
carrying on rc'2;ular approaches ; or whence he can dircclly 
batter in breach the magii^ral line, and annoy the garrifon in 
their points of defence ; or umler cover of which a Jodo^mcnt 
may be ciJcckd on or very near the glacis, without being too 
much cxpofcd : if the garrifon be weak, or compofcd of ilU 
aftccted or ur.difciphned troops ; the profiles of the works 
not according to the true principles of fortification ; or any 
weak point be difcovered after the covered way is taken : 
in any of thefe cafes, the befieger ib juilifuble in precipitating 
matters, and omitting fome of the fteps taken in regular 
fie^os. 

86« Tlius a fmaller proportion of artillery, or at leaft of 
florcs, is requilite for irregular than for regular fieges : and 
when betorc the invefliture, the befieger is in polteffion of 
the necelTary data (5, 6, 7) he may make out with the 
grcateii accuracy, a ftatc of the Aores, and concert meafures, 
to bring the expedition to a fuccefsful conclufion in the 

ihorteil 
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(horreft fpace cf time pctLb*« ; wrJcn "i r^iT 
(houid cvtT be a i^iJias mixirr^. 



for the fake or exp€d::icc sr; :ccjirjczri tt.^ ^ i SV a-g ^^ 
When there is a fcirdr^- of atfrh, is cttir: rarrera is sktsq- 
tainous countries, every piocwsr trir^p a !F?:i Sfli wte^ 
earth, which are !a:d !c-rrrher to f;r:r a rarsnsr. Iri :co. 
ft met -p. g: batteries on a reck, wocc-pirks ire p cgf tr x rfe ra 
facks of earh. 

87. In beiif^ne towns fiiToerrfe^ wi?h « £rss?e »t!L cr 
old Cut^c>, there is fe'<iom a rscefrr. fe- t?TELvi»*^ rrc^ 



and ^.£^•e^ fcr makirr rsrulir arena :?::!> : a Se'd birpory 

made in thai pin ot the »2i' wr::r^ teiis :■: fr^rc 
or fpacious piare, where the Ir.rir.try i:':er tb; i£i'j£* r::rT ir 
up in order 10 attack the ganikxi« \r. cire iii:jCT F-jw* ii^'i c J 
behind intrenchments cr pall:£adoes. Tte d:±i'jrg of :ie 
battery trcm the place fhotilJ be ibcu: j,zo j-sris ; is zsy 
be conftmcted with calks or rfrfcfis ; f ' .yJ is rm^ rvm^ 
and tilled %iith earth; cpcnin::* fi-^-e i:i 1 cart5ea wzS or 
other building, may occaGonaffy fer^e ihr cmbnrare^g aiad 
a plank may be laid under each »he::? by ^ny cf ptefenB, 
unlets the ground be firm cnct:g*! vtyr/z'jL* ::. 

88. With proper infcrrrjrlo?^ cz-rxtr'-'-^z ^js^s^ ef tfae 
place prev'ous to its ins'eitiCin-;, the rj-rb^rr of attida, asjJ 
the quantity of ttores requifirc tzr cacft, rrraT be cafjij axxr* 
tained; thus, the garrlfcr. bejnj di.^nJted by fercrJ arracks 
at once, may be the focner coa^pet.:^d to •urrer^Jcr. Tbc 
general rule is to aI;ot four or hx 2^ cr ^ pr?. to tsdb, i*» 
cack, and ico or 2C<? round* fjr car*; '^r.^ 5n propcrrjCQ 
to the folidity of the works : :r;c c-'ar'rrT cf kirtrrrffl-.r^g 
tools is regulated by :he trcnchc: ■: t.r.-^t^ *.". he opened. 

89. A breach is ftsm^it'nes mj^r v. ',;--. ^he arr-Jifry l§ in- 
fufHcicnt for the purpofe, by MTxi-^rrr. r.irr the ws!!. the 
miners ere lodged in :in opep.:rr J ct r^.rtfr: ro tr.e nrc cf 
the garrifon, and a (hrd cf i^'.i::<s ^n.ztl v.i'.h firyi-bars 
or raw hides, erected to fnilter t!.err. from the h^-»tf-2Te- 
nades or combuftibjes that the ene:TT\ rriy thrx^w down from 
the wall : they then pfxced to make tnc tv.'iuzs in the fame 
manner as in the deniolirioii or places. 

It there be 

under the i^; 

and in the firft . , . 

azaiHit 
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againft the enterprizes of the enemy ; and then in the fidet 
of the canal excavate one or two chambers large enough to 
ipake a breach in the wall. In every cafe, the miner fixNiid 
be fecured againft the attacks of the garrifon, by polling loine 
grenadiers at proper places, and if neceflary, by railing an 
qiaulment acrofs the ditch to the foot of the wall ; which 
may be eafily effeSed under cover of a fire of mufquetry, 
by the means of wool-packs or mattrafTcs. 

90. When the gates of a town through the negligence Of 
ignorance of the garrifon are infufBciently guarded, or badly 
conftruded, they are fometimes forced open by petards; 
it is the bufinefs of the artillery-men to fix them : they are 
fupported by the detachment of infantry intended to ru(h 
into the town the moment the gates arc burd o(>cn. 

The party deftined for this fervice approach fccretly 
during the night, and fcrew an iron hook into the gate^ 
on which they hang the petard with its bottom flat againft 
the gate, and propped behind by a ftrong iron fork : the 
fufe is then fet fire to, and as foon as the petard takes effeft, 
the column of infantry rufhcs in. As the opening made 
<by the explofion of the petard m^.not be large enough to 
admit the men, fome carpenters fhould be in readinels with 
their axes to cut away ar.y obftruc^ion. 

Qi. Blockades are fo termed when the bcfierrer bavin'* 
inverted a place, and carried on regular ap[)roachcs, fufpciidi 
his operations either thro\i:;h choice or ncccility ; contining 
himfelf to keeping up a fire [Vom his artillery. 1*his me- 
thod of attack is practifed in the following cafes : 

1. When a town is unprovided v.ith cafcmatcs and 
magazines : whence the befieger may have rcafon to 
hope that by keeping up a continual fire, the inhabitants 
may be fo harralTcd as to rife againil ihe garrifon; or 
at leaft, that a part of the ammunition and provifions 
may be dellroyed. 

2. When a town full of inhabitants, ftronQ:lv fortified, 
and well provided with troops, artillery, and ammu- 
nition, is deflitutc of fufficient fupplies of provifions 
to fuftain a fiege : from which circumftance, the gover- 
nor may in a (hort time be induced to furrender, pro- 
vided that by the inveftiture his condudl is apparently 
jufiified. 

3. When from morafles, inundations, rocks, ravines, 
•r precipices, it is found impradicable to carry on the 

approaches 
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appmaches in any nunner likely to bring the Gegc to 
a I))eecly term i nation. 

4. When from bad roads, or other circum fiances, 
the artillery is infufficieiic to [^rolecuie the liege with 
vig;our, 

92. In the firit and fecond cafe, the engineers make 
Trenches of communicarion iVom ditl'ercnt parts of the line of 
circumvallation, at the diltaticc of ycc or icoo yards from the 
body of the pbc, r.nd batterits mourned wiilihcivy cannar, are 
erected hy the aruHery-men : c:ich birtery is inciofed in a re- 
doubt of rcfpcclablc profile, and fpacicus enough to contain Z 
gnsrd fiiHiclcnt tofecurei: againllan\ aiSemplsof the garrifon. 
Guards are lihCnife polled in the l.oilcws or ravines in the 
vicinity of the battery ; knd when the ground k level, 
detachments are p'accd in ti-.e intermediate parallels, be- 
tween the communi-ations, to fuftiin the redoubts, and 
give time to the troops at the camp to come to their zlTiR- 
ance in cafe of a general Tally: but if the batteries be 
covered by a river, csnal, morafs, precipice, or defile, a 
ftron;: guard in each redoubt will be lufficien: for their fecurity. 

93. In the third cafe, (91}, the b^Iieger mml exert him- 
felf to turn every accedible point, whence the town caa be 

' annoyed cither with fhot or IhclSs, to the grcateft advantage, 
by planting on them a proper r,u3ntity of artillery of large 
cahbre. 

The propottion of ordnance for this kind of fiege ii 
^ater than for regular (iegcs, pariiculariy when the block- 
aded town is very large; unlefs in r^jiilar (iegcs, a fire is 
directed from e\ery fide on ilie m-'^;": jjopuious qitaneri of 
the town, in order to excite Loniiern^iiiun and terror among 
the inhabitants. 

<)|. in the fourth cafe, the lines or irijiches judged ne- 
ceffar)- on the occsficn, oujht ro be ccT.;;ri!c;cd wi'h a view 
10 their being ufeful, when an ac^ruatc ijuaniity of arliliery 
arriyes, to convert the blocicude iT.*-> a rczuLr ficge ; ttie 
■vivacity of which mult depend on toe kr. .ktlic the beil'tgCT 
has acquired concerning the (Irength . the ^?.riifon, the 
flate of the fortificatior.s, and the na'.jre of ilie adjacent 
country. 

An army fotnetimei (its down before a place of great im- 
ponan», in hopes of inducing the enemy to sbandon an 
advantageous pert in order to relie-.e th; place, and per- 
Jap! hazard a general engagement. 1 he mo.t vigorous 
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attack (hould be made in this cafe ; which will induce tht 
enemy to march with greater expedition to raife the (iege. 

95. Whatever be the motive for undertaking this kind 
of fiege, the batteries ought to be amply furnUhed v^ith 
cannon and mortars ; they (hould be fired at different eleva- 
tions from 8^ to 1 2^ that the (hot and fhells may be thrown 
into every quarter of the town : and if there be a probability 
of fetting fire to any of the principal edifices or magazines, 
hot-fhot fhould be incefTantly fired. 

From a review of every circumftance attending the com- 
mencement and progrefs of fieges, it will appear that from 
the opening of the trenches until the furrendor of the place, 
the nature of the fiege may, from the variety of incidents 
to wiiich military operations are peculiarly liable^ be fre* 
quently changed. 



CHAP. X. 

Directions for demolishing the Fortifications 

OF A City. 

96. XT is generally deemed fufficient to dcmolifh the 
revetements of the works, and blow up the magazines, 
cafemates, &c. ; the ciclkuvilion feldom extends to the terre- 
plein, from the great expciicr and labour it would coil. 

The chambers of mines for demoliihin'^ a buildinvi, the 
wall of which is not more than 7 feet thick, are of a cubical 
form^ with one of the fides correfponding to the (ide of the 
wall ; but if the thickncfs of the W2II exceed 7 feet, cham- 
bers are made in a he:nifpb£rical forrn^ in the centre of the 
wall. 

97. The following are the general principles to be ob- 
ferved in the difpofition of mines : 

1. The chambers fhould be made at the foundation, 
tliat tlie upper part of the building may be raifcd and 
fhakcn to pieces ; 

2. And, if pofTible, fome feet below the furface of 
the ground on which the wall ftands 5 as from the 
great refinance the explofion is more violent, and the 
effeil greater : mines placed near the furface of the 

ground 
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ground fometimes 26\ but upon one fide, and caufe 
a breach in the wall infufficient to deflroy the building. 

3. If the Ibiidity and llrength of a building depend 
on its coiiriterfoits, chambers Ihould be made in them, 
though they be above t!ie lurface of the ground. 

4. I he brgelt chambers (hould be placed under the 
fiTongcd parrs, v% here the mafonry has moft folldity and 
cohcikn ; as at the point of inte: fection of crofs vaults, 
and large buttrciles or pilallers fjf.porting roofs and 
arches. 

5. In walls that ate without any break, tlie cham- 
bers fhould be 12 or 15 times, the lide of the cube or 
the diameter ot the hcmifphere, according to its figure, 
diliant from each other. 

98. The (izc of the chamber depends on the quality of 
the powder, the thivkncfs of the v^all, and the cohefion of 
the materials of wi\ich it is built ; which differs in different 
climates according to the quality of the iime, and the time 
it has Aood. The cohefion of v.alls raifed above the earth, 
and cemented by the belt lime and far»J of Piedmont and 
Lomhardy^ is generally cltiniaied at i64^.oIbs. for every 20 
fquare inches ; while tiiat of luDterranenn walls cemented 
with materials of certain (jualiies, as the lime oi Super ga or 
Cajal'wx Mont fc*^ rat ^ ^v\^ X\\^\2i\\fS. of Tribia^\% more than 
double. 1 he cohefion of walls conilructtd on the coai^ of 
Province and Genoa^ exceeds 4iooclbs. and that of buildings 
adjoining to the Tea, afid cemented wirh PozzolanOy is fre- 
quently triple. 

\ he ofiicer of miners, therefore, charges! wirh the demo- 
lition of any place, fliould prcviouilv afccnain by experiment, 
the tenacity of the vvail. Fhe fide of the c'jK)ic3l chambers 
(hould be a third part of the thicknefs of the wall, fuppofing 
its tenacity to be 164CO lbs. and tlie povvder vtry Itrong. 
The fame rule will ferve for the diameter of the hemifphe- 
rical chamber ; its depth fhonid be about \ of i^s diame- 
ter : its contents will then be about half a^ much as the cubi- 
cal chamber. By the table (77), th- quanriry. of jowdcr 
for a cubical chamber of a given fide may be eafiiy deter* 
mined. 

99. To give an idea of the difpofition of mines, \\\c 
figure reprelcnts the plan of an iiifulated buildinj, the roof 
of which is bomb-proof; (Fig. 4, PI. 4J the pnnLi[)al 
chambers arc made under the points A, H, I, K, L, M, N, 
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O, P, where the walls interfeft, and under the pilafters O 
which fupport the fronts A B, C D» and on which the ro<H 
refts (07, No. 4). The chambers in the wall F F which 
is without any break, are dUhnt from each other, and froA 
the principal mines, 12 or 15 times the lenght of the S6k 
or diameter (97, No. 5) ; and if in the faces ArB, CD, 
the chambers A, H^I, be too far diftant to have proper 
cffed, two intermecliate ones S, S may be made. The wall 
G G in which are the chimnies and doors of communi« 
cation, need not be undermined ; but the iize of the princi- 
pal chambers K, L, M, (hould be increafed by atibut |. The 
mines thus difpof<Ml may be divided into two chiles } vk. 
thofe made in fingle walls, as Q.R, S, and thofe made in 
crofs walls, as A H, $:c. 

100. In this profile P P reprefents the plaqe of the grotuid 
furrounding a building : (PI. 4, Fig. 5) the walls ire finxle^ ' 
and the chambers are to be of a cubical form : to moke 
the excavation in the foundation D /i £, below the phm 
P P (97, No. I, 2), let a long trench be dug i { ot tha 
thicknels of the* waU D £ in depth as D B, and ^i f^ 
in width as C D. Let the chamber G of a cubical form, 
be made j- of B D diftant from the bottom B F, and a 
wooden box of proper dimenfions for containing the quan- 
tity of powder afcenained by preceding experiments (98) 
placed in it ; and if there be any reafon to apprehend that 
the powder may be damaged by the moifture of the wall, 
let the box be lined with oil-cloth. At the mouth of the 
chamber make a ledge H, 3 inches broad, and of a depth 
proportioned to the fize of the planks that are to clofc the 
opening. Any projecflions or cavities in the wall where 
the trench is dug, fhould be fmoothed or filled up with 
well worked plaifter. Tlie planks for blocking up the 
chamber (hould be 2 inches, and the beams 5 or 6 inches 
thick, and a quantity of cliy and rotten dung, (which is 
excellent for preventing the efcape of the inflamed fluid) 
prepared. The box being tilled with powder, and a fau* 
ciflbn laid in a pitched wooden trough, communicating 
with it, the opening is exaclly clofed ; planks called mant- 
lets as C F K L, B D I M, are placed vertically along 
the faces of the trench, and the beams N are driven in 
horizontally at right angles to the mantlets, and all the 
intcrfliccs (illed with day and dung well rammed* 

lof. To 
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10 1. To make mines of a cubical form in a crofs wall 

A B ; let C, D, £, F rcprefent a fquare pit hollowed in the 

adjoining ground ; (PI. 4, Fig. 6) the fide of which is 4^ 

feet, and the depth i | of the chicknefs of the ftrongeft wall. 

At abou: f from the bottom, hollow out in the wall 

B a branch F N G H 3 | feet high, 2 f feet wide, and } of 

the thicknefs of the wail B in length ; then in K B the cen* 

tre line of the wall B make the chamber K of a proper fize : 

let a box be fitted to it, and at the mouth of it make a ledge 

F H. Let the box be filled viith powder, the fauciflbn ap* 

plied, and the opening I clofcd and blocked up with beams 

laid horizontally to L G : let the opening F N be clofcd in 

the fame manner as I ; and difpofing the mantlets around 

the fides of the pit, drive in horizontal layers of beams crofl^ 

ing each other alternately at right angles, till they reach the 

fuiface of the ground, always tilling the interllices with dung 

and clay, and taking care to bring out the faucifiibn. It 

ftiould be remarked here, that though in this cafe, where it 

is intended to blow up a greater extent of wall, the fame 

charge is ufcd as in the preceding paragraph ; yet greater 

refi(bnce being oppofed to the explofion of the powder, the 

cfFeds will be proportionably greater. 

102. If the wall be more than 7 feet thick, (PI. 4, 
Fig. 7) the chambers (hould be hollowed in a hemifpherical 
form, in the following manner : A A is the profile of a fingle 
wall ; dig a fquare pit B D C F the fide of which is 4 } feet; 
then make the branch B L G E 3 1 feet high, and of fuch 
a length and breadth, that the chamber K hollowed out in 
the centre of the wall, may contain h^lf the quantity of pow« 
der that a cubical chamber, the fide of which is equal to 
the diameter of the henufpherc would contain : at the moutli 
of the chamber make the ledge H H, and fmooth the roof 
and bottom of the branch with well worked plaifter. Hav- 
ing charged the mine, applied the faucilTon. clofed the open- 
ing H, and laid two layers of mantlets horizontally, the one 
B QL O on the bottom, and the other G E N M on the 
roof of the branch, drive between them ftrong beams R ; then 
clofe the entrance B E, and placing other mantlets againft 
the wall and the oppofite fide C F, lay rows of beams hori- 
zontally between them, filling all interftices with clay and 
dungt and carefully bringing out the faucifibn. 

103. The figure rcprefents the plan of two walls which 
ioterfc^l each oiher, and exceed 7 feet in thicknefs : (PI. 4 

T 2 Fig^ 
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Fig. 8) to determine ihc exaft pofiiion of the clinlnbc 
draw tlie right line B B dividing into two etjual pans ijl 
wall B, and another right line A A panllcl to C C, an 
diftam from it 4 of the ihiciteft wall A ; then the poilJI_ 
of intcrfeClion K. will be ihc centre wf the clutnbei, which 
ihould be i larger than that made under a finglc wail. 
Make a fquarc pit C D E F, the fide of which is 4 i feet ; 
and in Ihc wall A make the branch G H L M li, with an 
elbow or angle, and of fuch a length ihit the chamhcr 
may be hollowed in K : let it be loaded and blocked up a» ^ 
before(l02]; at M N clofe the opcfimg with a frame, and 
lay horiionial layers of beams unio the opening D G, whitti 
fhould be well clofcd, and placing mantlets againft tlic fidti 
C P, t F, drive in horizontal layers of beams till the pit 
if tilled, ramming dung and clay in all the intcrniccs. 

104. To undermine reveteiiients i make pits in the ditch 
clofc to the revelement 6 or 7 feet deep : then piercing the 
wall, carry on in the terreplein two branches, the one to the 
right and the other to tlie left, at the extremities of each, 
and at the poiiits where the revetement is fupportcd by tht 
counterforts, hollow the ch3mbi:r» (loi), either cubical 
or hemifpherical (103) according to ihe ihicknefs of the 
wall, fo that the two charrbers on each fide of ilie opening 
may correfpotid. In tlie ['loper difjjofition of countcrtbrts 
to fuppori rcvetcmenis, the llrongeft points are at the flanked 
angles i viz. thofe of Jhe fhoulder and ftank ; the principal 
chambers fliould therefore be made in ihefe angles, the 
others may be diftributed along the walls that fonn the an- 
gles. If the revetement be built on a rock, and of no great 
ihicknefs, the number of chambers (hould be Inereafcd and 
brouaht nearer together, that the whole revetement maybe 
thrown down at once. 

As the manner of chargin' mines in rcvelemcnts is the fame 
as that before defciibed, we will difinifs this fiibjetfl fSr the 
prcfentj only remarking that in blowing updone or brick 
bridges, the chamber fhould be made in the foundation of 
the piers, or in the Ihoulders of the arches. It frequently 
happening on fervice, that a tower or other flight building 
is to be inftantly d;mo!il!ied ; it may be effei51ed by placing 
in the ground ftory fome open barrels of powder clofc to 
each other, blocking up the doors and windows with Arong 
planks, and covering the floor above with a thick layer of 
tfaith ; then fettiiig fire to the faucifTon that tonmn-iiicites 

with 
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with the powder, the great refiftance oppofed by the earth 
upon t!ie upper floor, prevents the powder from adding up- 
wards, and dire£^s its force again() the walls of the tower, 
which being of no great folidity, eafily yield and fall down. 



SECOND PART 



Of the Service of Artillery in the Defence 

OF Places. 

105. X H £ fcience of defence conflitutes one of the 
moi^ ciTcntial branches of the military art, fince a few troops 
are thereby frequently enabled to make head againft a very 
fuperior army, to ^he prefervation of a whole country : and 
as in the profccution of this f)ftem, the inferior army is 
often compelled to fuflain a liege, the defence of places forms 
one of the moll importnt.^ parts of this fcience. Now the 
defenfive fydem may either be the rcfult of a premeditated 
plan ; or a nation may be unexpectedly forced into it by 
tiie fudden invafion of a foreign enemy, or by a train of un- 
fortunate events, tliat oblige an army which began the war 
with the faircfl ho;)es of conqueft, to change its fyilem and 
awi on t!ie defenfive. 

106. When a defenfive war is forefeen, fome of the fc- 
nior oncers of artillery are fent to infpcct tlie quality and 
number of arms and itores of all forts in the diHcrent gar- 
rifons ; examine the condition of the magazines, works, 
and countermines ; and take notes of every thing that may 
be wanting in cafe of a fiege. 

After the infpecStion, each officer makes a report in wri- 
ting of the number and nature of artillery and carriages, 
with his propofed arrangement of them ; and alfo of the 
proportion of tools, machines, arms, and ammunition, 
which in his opinion may be adequate in proportion to the 
flrength of the garrifon, for making a vigorous defence : 

T 3 he 
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he farthfr explains the motive of each demand, and pamta 
out tlic place where every article can be lodged ; diAinguiHi- 
ing the magazines that arc bomb-proof, and remarking par- 
ticularly any that ih ^uld be made fo, previous lo a fiege. 

An engineer is likewife detached to each fortrel's to re- 
port the number of troops necelTary for its defence; malte 
out 2 diftnbulion of barracks and magazines ; and examine 
the repairs and alterations for putting the fortilicalioDS in a 
proper dale of defence, with the quantity of pallifadoes and 
lafcincs for repairing the damage, that ihe enemy's artillery 
may do to the works during the attack. 

The governor then calls a council confining of the artillery 
officer, engineer, and ilaff of the garrifjn ; where the me- 
rits of the two reports are canvaifed, and ihofe propofitiona 
adopted thai appear conducive to the bell defence : the opi- 
nion of the council is then fubmitted to the fovcreign for 
his decifinn, who orders the necefTiry mines and works to 
be conftrufied, and the ilores to be provided. When ihey 
arri\'e in the garrifon, tliey are depofited in the magaxinei 
allotted in the plan for each particular Ipccies. 

107- But if a rta^e be furpriz.ed into the defenfivc fyflein, 
, the oflicef commanding the artillery in a place menaced with 
r s fiepe, (hould make the ftore-ktcpcr give him an adual ftare 
of the djrpofition and condition of every article under his 
charge, and immediately examine thofe that arc of the moll 
importance : and in his report to tlie governor, Ihould par- 
ticularize what may be wanted in addition to the quamity 
at prefent in l^orc, or to replace any that may be damaged. 
But if from the approach of t'lc enemy, there be little pro- 
bability of Inving fufRcient time to draw the fupplics from 
the aifenals or neighbouring garrifons, every thing in pof- 
feflion of the inhabitants that may be ufeful during the fiege, 
Ihould bs taken after a juA valuation, and proper receipts 
given by the (lore keeper to each proprietor. In forts where 
no fuch refourccs can be had, parties Ihould be fent into 
the nei^^hbouring towns and villages to feize and ConduA 
to the garrifon every thing liiey can find that may be of 
fervicc during ths fiege. It is the maxim of every good 
pciernnent) to complete tin; (lorci of all frontier towns oa 
the kail apprehenfion of a war. 
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C H A P. I. 



Of the Di?po.-itks5 for the Rfgilax Defixci 

ic8. X HE firll difpoiiiion t!.uI an o:r.crr of snU!e:_ 
(hould makt: for the rez^hr ciefcr.rc of a p'..:?, :s :o iom 
a ft ate of ti:c number and r.iture of cur-s, cirha^cs, and 
ftores. To do this with ju'inifs and prccif.oa, he ihoiLd 
recur to the rules laid down i:. tiie former psrt of thistrca- 
tife, and be not only acqusinted with the 2>r\:ce of ar:i!icnr 
in ail its branches, but capable olfo cf judging in the niUeil 
extent of ail operations, in v.hich the other troopi of the 
garrifon can bear a part ; io that every thing may be ade- 
quate to its particular purpof-, without dcnci^rjcy en the one 
hand, or fuperfiuity on ihe o:her. Thus rwo extremes 
cqunlly prejudicial will he avrided ; r!:e cr.e of miking a 
provifion of ilores infurH^ient for the defence the place is ca- 
pable of; the other of providing fucli quantities, that on 
the furrcnder of the plicc, a complete ar.er.al may fall into 
the enemv*s hands. 

109. riic fundamental rraxim in the defence of places, 
is to retard at much as j :Ji: U the prsgrffs of the hcHegery 
and in prcf*ortien as he advances to muuip^y his dangers and 
dijfictihies. 

To tins end, t!;e artiilerj'-officer ihould examine on the 
fpot, tl;e natural obrtacles that the befieger may have to 
furmount in the atiack of the works, and countermines ; 
and after maturely weighing the weak and ftrong points, 
(hould coniider ho.v far the advantages of each front may 
be improved, and iiie defects remedied. Any ftrong pofi- 
tion in the vicinity of the place, fhould, if poITible, be ren- 
dered ufclefs to the befieger; and every vulnerable part 
ftrcngthcned by additional works. If the hrft pofition that 
the enemy muft from the nature of tlic ground take up, be 
very confined, the proportion of artillery and ftores may be 
made out with the greateft accuracy, and there will be good 
reafon to reckon on a fuccefsful defence ; as the enemy will 
of courfe be extremely circumfcribed in all his operations. 
But when he is free to choofc his pofition, the artillery 

T 4 officer 
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officer fliould he informed whether llic anillery tlic e" pmy 
can liring up be only adequate lo a regular litpv-, or futba- 
eiirly numerous to enable him in a few days to bcai duwn 
all the deiences on the front of the attack, and keep Up 
fuch 3 condnliAl tire a& to prevent ilie garrilon from re|>aifing 
the damages. 

no- 'f'he prcfent treatifc fuppofcs a fnrrrefs befieged in 
form ; whether from the poiiiion that the befiei-er is obliged 
to take up, or from the infufficiency of his ariilleiy lo take 
advantage of one more extended. Thofe vioknts attacks, 
where the defences arc in a few days deftroyed by the 
firll batteries, and the garrilbn prevented from repairing 
them, feldom octur but in fmall places : fuch examples are 
very laic iri places of f1ren(;th and iinportance; particularly 
ViUen the enemv is obliged to bring his artillery by land, 
from the prodigious number of carriages and hories required 
for the iranfiwTi. But if from circumlbnccs there be teafon 
to apprehend a (lege of this niiturc, the (iate ot the maga- 
xines and barracks (Tiould be examined, and any ihjr aie 
rxpoted to be ciinnon^idcd covered Mith fubOantial cpatiU 
nicnis. When the ptoliles of the worsts are fo ndvaniageoui 
tha: tlie belie;:. r mu(i efle^t a lodgement on the glacis bea 
fore he can make a prjcticable bieacli ■> the moft cfieSual 
i?iDde of reiardinp his progrefs is bv coun'erminine: with til* 
Wtmoii dlligentc. l!.n «l.cn Lh^;' bar.jcks and m.igazinei 
are fecured ; a breach in the hndy of the place impracticable 
frohi its bcinrr cut out of a iDck ; or, when made, is rendered 
inaccellihic by lo'ne natural or tadiilous obilacie ; every at- 
tempt on the p^ri of the enemy will be futile, provided the 
parrifnn conduct themfelves properly in this cafe, where 
jterlcverance ar;d firmncfs, rather than courage and exertion 
3 c rpquifi'c. 

I T I , The l^tiT flep lowrrds forming the eflimaic of ftores 
for fuftaining a rcr.jlar fi>.'f:e in a fortified town, is to con- 
lider what front is moft attackable, and what are the beft 
ineafures to he adopted for its defence. But as the befieger 
may through incapacity or ignorance commence his attack 
on the llrongert fide, the proportion of itorcs (hould be large 
cnoush to t.ikc advantaec of this error ; and to avoid ex- 
tremes ( loS), the defence of the two tronts (hould be car- 
ried to the fame point, either by raifing new works, counter- 
mining, or di/pofing to greater advantage and ftrengthening 
the oM works. But if the (hortnefs of time doth not admit 

of 
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of this, two eftimates fhould be made out ; one for th* 
defence of the rtrongcft front; tliC otlicr, of the weakeft ; 
that the Sovereign may dctcrm.ne which of the two he thinks 
proper to adept. 

112. 32 and 16 prs. are mounted 'v\ the bo<ly of th^ 
place ; 12 and 8 prs. in the outworks that are large enough 
to contain I hem : wlicn the adjicent country i^ favourable 
for matcin^ lallics, or conflructitig lines ot counter-approach, 
foine ii^fii 4 pounders are included in tne inventory. Jt was 
the rufiom m ihe iait century to place fome pieces of large 
Cahbre, refcmbiing n one-guns or long howitzers, on the 
fl:i:iks, from wniciJ, when the alTault was given, they fired 
cafe or gupe-fhot on the aiTailants : but thefe pieces are 
nt>w di'uled, lince me bi-fioger covers himfelf \^ith cpau]- 
nients in the ditch md at the breach : infteid of them, ^^c 
fire round ihot from heavy guns, to ceihoy, or at leaft retard 
the conllruwtion of, the epaulments. 

113. In fortified towns confirucled on mountains or emi- 
nences, the embrazurcs are generally made of biick or Aonr, 
and the curtain furniilied >^ith guns, when it bears on any 
polition favourable to the bcfie^rer ; tne number of guns muft 
in this Cafe be regulated by the nu:nber of embrxzures. But 
^'hen the parapet i^ formed of eanh, the following is the 
didribution of guns on each front: 10 or 13 toifes arc 
left on the faces 01 tne oaAions, and 6 fr->m the angle of the 
/boulder to the funked anele for the barbjtte batteries ; the 
remainder is divided fo, tnat ilure be ne\er lefs than 20 feet 
between every two embrazurcs, to gi^'e room for the infan- 
try, wiiofe fire, when tl»e enemy comes within muliju'?t (hot, 
is the mort clfeclual method i»f retarding his progrcfs 5 and 
with lefs diftance betv\ccn theembraz.ure.s, the merlons would 
be foon deiiroyed by the enemy's artillery: the fame rule 
fl)ouId be obfervrd in opening embra7.iiie> in the outwoiks. 

A few guns Ihould be added to the above diiliibution, for 
the barbette batteries on the other fronts, and for the Hanks 
correfponding to the attack. 

1 14. To determine the number of ^uns for the four faces 
of the ravelins coriefpondiiig to the attack, 10 or 13 toifes 
are allowed for the barbette batter itrs in the collateral rave- 
Jins, and the remainder divided into equal parts with inter- 
vals of 20 feet for the embrasures ; but in the ravelin on 
the front of the attack, a greater fpace is left from ^le fahani 

angle 
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be tripled j the rcHjlt will give the proper ftrcngth of the 
garrifon for a regular fiege. 

In mojiitainous fituations, where there is no covered -way, 
two men are allowed for every lo feet along the magiftral 
line of the front attacked, including the outworks ; to this 
add the neceflary guards, and the ium tripled will give the 
number of the garrifon. 

1 19. For example ; fuppofe a regular pentagon, of which 
the laie of defence is 134 toifes ; this gives 5b toifes> rbr the 
faces of the baftion, and 25 toifes for the flanks j let the 
profiles of the ravelins, which are fuppofed to be the only 
outworks, admit cannon. The following will be the difpo- 
fition of artillery. 

No. of Gunt. 



i 20 



Brafu IroM. 

On the two faces of the baftion on the front 

attacked 

On the two faces of the collateral ravelins 12 

On the two faces of the ravelin between the 7 ^__ 

baftions J 

On the barbette batieaes and flanks — iJ 

Total 44. 18 

This number, defigncd for the f.rfl part of tlic dircvil de- 
fence, will be more than adc(|uatc for the fcvorui part ; two 
or three light 4 pis. may be added for fallics or countcr- 
.npproaches, when this mode of defence is praiticable. 

If the place be hexagonal with a line of defence of 134 
toifes, and the flanks a little longer, two pieces of bra fs and 
two of iron (hould he added to the above proportion. 

^uppofinn; the bvfiecrir can carry on his approaches upon 
the capitals of th • bnltions and ravelin, and creel batteries 
in breach on tlie ciell of the glacis ; the number of mortars 
\Nill be at leall 

6 Stone- mortars 

6 Royal ditto 

4 lO inch ditto 

4 13 inch ditto 

Total 20 

If 
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XI 7. The fire of the infantry is, as has been already ob- 
ferved, one of the moft effe«£^ual methods of retarding the 
progrefs of the bcficger. But in keeping up a continual fire 
during the night, the mufquets being thin foon become un- 
ferviceable ; wall-pieces being better reinforced are more fer- 
viceable and lefs apt to burft. The greater part of thefc 
arms are mounted with locks, of which the cocks are of a 
fcrpcntine form according to the cuftom of the laft century ; but 
the troops being unaccuftomed to make ufe of them, it would 
be much better if thev were furniflied with common locks, 
with the ufe of which the infantry are pcrfedly acquainted. 
The proportion of wall-pieces (hould exceed by a half, the 
number of infantry deftined for the daily defence of the 
covered way, for a ficge of 33 days ; for one of longer du- 
ration, the number (hould be increafed. 

There fhould alfo be a referve of mufquets with bayonets^ 
to fupply the place of any that may be damaged : for a fiege 
of 30 or 40 days, the number in referve (hould exceed by 
a third the number of infantry in garrifon. Some large wall- 
pieces are alfo provided for firing at a didance againil recon- 
noitering parties of the befieger. 

ii8. There is no abfolute rule laid down by military au- 
thors, for determining the number of men for the defence of 
a place belieged in form. The moft general and unexcep- 
tionable one is, to reckon 3 men for every i o feet in the co- 
vered way, on the front of the attack, including the two 
collateral places of arms ; when the town is fortified in the 
common method with no outworks but ravelins. If the 
body of the place be conftrudted on a fyftem of demo- 
lition ; the lire from the flanks command the points where 
the enemy muft erect his counter-batteries; or there be 
counter-guards before the baftions, the reft of the works 
being in the common method ; chen 4 men are allowed for 
every 10 feet. With counter-guards before the ravelins j 
or when with ravelins only, there is one ftage of coun- 
termines, the number is eftimated at 5 : with two ftages of 
countermines ; or the body of the place conftruded upon a 
fyftem of demolition and covered by other outworks befides 
ravelins, at 6. 

If to the number of men refulting from this eflimate, be 
added the necefTary guards for the parts not on the front of 
the attack, the gaies, ditches, magazines, &c. and the whole 

be 
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The mortars always being placed under cover of ilie ram- 
paris cannot be afFeited by direft firing; ihe iiiierruptioi) 
from curvctinear projeifiions may be reckoned ai about Jrf 
the whole number ot dirirhargcs that could be made fnm 
them in 24 hours; as this is generally computed ai 6a 
from each mortar, it is tlius reduced to 50. They maj 
begin to fire wiih eftViTt when the enemy is advanced within 
J34 toifes of the covered way. I"rom memoiandums of 
the quantity of ainmuniiion daily expended by the in^ntij, 
in fome of the nioft eonl'idcrable fieges, it appears tliat eaA 
(bldier on duty on the front uf the attack, tires from 35 10 
40 rounds a day: now fuppoling the fame number of mea 
always to mount guard, from ilie day that the trenches arc 
opened till ihc place furrenders ; the full expenditure nay 
be computed at 30 rounds a day for each man on dut.y, in- 
cluding the allowance for forties. The barbette guns, and 
viaU-pie:es fhould be provided with 200 or 250 rouoda Jt 
moft. 

132. In calcuhting the dumtion of a Gege, the nalunl 
advantages of the place for retarding the progrefs of dK 
beiieger, and the obHacles he mud furmount before he cao 
lodge hicnfdf in the different works, muA be confidcred. 

Suppofe the place be fuch as teprefented in paragraph u^ 
that a prailicafale breach is elfeifled in the baflion ; and lla 
the garrifon is not in a condition to fullain a general af^ulc; 
the duration of the ficge if the befieger has been active sod 
mterprizing will have been about 40 days, viz. 

From the opening of the trenches till the lodgment l 

is compleated on the creft of the glacis / *J 

For conlhu^ting and completing the batteries in 1 

breach / + 

For making a breach in, and getting pofleiTion of the 1 

ravelin J ' 

For making a lodgment in the breach in the baAiun 4 

Total 30 



^Vhen there are more outworks-, or the baflion? are con- 
flniiled on a fyllem of demolition. To that the befieger i» 
obliged to bring up guns through the breach to baiter the 
interior works, the defence may be prolonged for 10 or 1 a 

dajll 
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days ; and even for 25, if there be fmall mines in the ditch, to 
blow away the earth and ftones, beat down in making the 
breach in the ba(lion. 

With counter- guards before the baftion, the furrender of the 
place iDay be retarded 12 or 15 days : with one (hge of coun- 
termines properly difpofed under the glacis, the defence may 
be prolongcil 2? or 25 days; and with twoftages of counter- 
mines, 40 or 50 days: thus with counter- guards before the 
bafiions, and mines under the glacis, ditch and baftions, fup- 
pofing the Jailer to be conftrudtcd on a good fyftem of demo- 
lition, the defence of 30 days may be prolonged to 80 or 90^ 
provided tb.c proportion of ftores be fufficient. 

123. J'iie number of rounds from each fpecies of fire-arms 
having been thus regulated, it will be eafy to apportion the 
quantity of fhot, fhells, grenades, lead and powder; allow- 
ing for each charge the quantity mentioned in paragraph 22 : 
the alloiment of powder for the countermines is to be com- 
puted from a general confidcration of their number and 
extent. 

To this proportion fhould be added 100 rounds ofcafe- 
Ihot for every flanking gun ; and a competent number of 
hand grenades, and large (hells, for rolling from the top of 
the breach upon the beficger, when he has pufhcd forward 
his epaulment to the foot of it ; this number may be eflimated 
at icoo grenades, and 100 iliells a day for each breach. 

124. For a fiege of one month, the number of fpare car- 
riages and fide-arms amount to half the number of guns ; 
for a fiege of fix weeks, this proportion (hould be doubled ; 
befide fpare wheels and axle-trees. The mortar beds, &c, 
are in the fame ratio. In cafe of aflault, a number of pointed 
and cutting infiruments, as eCpontocns and fcythes, (hould 
be provided : and fome petards, blundcrbufTes and pidols 
for the fervice of the countermines. 

The neceflary articles for a complete laboratory, and 
for making up every fpecies of combuftibles form a very eflfen- 
tial part of the ordnance {\otcs ; the quantity of the latter 
fhould be fufficient to light during the night the whole front 
of the attack, and to fet on fire every part of the befiegers 
works that can be burnt. The carpenter's, blackfmith's, and 
armourer's tools for repairing the damaged arms are like wife 
included in the proportion of iiores. 

In the diftribution, a particular remark fliould be made of 
the flore houfes, in which the articles that are generally locked 

up 




Up ore 10 be depoCiU'di (1inin<^u![hing tliofe tha 
'Wanted for common uTc, trjiii thofe tliat can be unly v 
Cd in tafe of 3 fiegc : likcwiie the bboraiory, carpenter's 
, Wackfmiih's, and armourer's (hops. In very large towns 
^hey are gciitrally fixti! in fuini; buildings at a difiance from j 
! atiack; but in ti-;iJcU, (am, cafdes, and fmail placet I 
lich arc evpufcd. on every iide, ihcy niuH indifpenfubly lj« | 
Tccured in b.>[i>i)-piouls. Tbs powder magazines are the | 
" inuA itnpwUnt Aud bazadous of alU ibey Ihould bcdra i 
and fccurc, Dming ilie li>ge the powder ougbl lo be dil- I 
tribuied in fcviTuI bumb-pruuf magazines at a liitlance from | 
each otlicr-, tiiat in cafe of accident, tbe whole may not be 1 
blown up it once; and that llie enemy may not be able to 
find out ilie iiuantjiy in ilorc. Tlic nature alfo of the placet I 
in whicli itM ditft^nt9tticlet9f»(L'pofitcdfhouM be attended ] 
lo: fincc I'lcpoAiliT, liiltpetre, fuiphur, coidi^e, iron, &e. 
ought to bodepofiicd in ilry piu-cs; whereas the gt cafe, oil, ' 
pitch, candies and oihtr articles fubje'tto mcU or evapo- ! 
rate, fhould be kept in very coid places It being the July i 
of the engineers duting the liege, lo keep all the pifts of tte ' 
worlc£ in a proper Ibte of defence, they arc to make retutm . 
of the quantity of fpare fafcincs, gabions, piclieis tDdjuyr j 
lifadoes, that may be neccffiiry for that porpofc; Their 6 ' 
no danger of providing loo great a number uf ilicfe articles} 
for any that are not uied in tlie lepiir of the works, may be 
collei5ted logetlier in the breach, and fet on fire ; which will 
fcrve to prolong tlie defence of the place, 

125. The following is a particular llaie of the quantity 
and quality of t!ie different fpecies of ordnance (lores requilite 
for fuftainJng a fiegcof 30 days in a fortrefs N N, (119J. 

Proportion of Guns, Carrijges, Ammunition and Storei. 
Ordnance, Carriages, and Side-arms. 

Nature. No, 

Pr. 

Brafs guns •{ 16 18 

I 8 II 

Iron ditto » 8 iS 

Brafs Ihort ditto 4 4 

Total of guns 64 

Curiaget 
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Carriages of different natures for the above guns 96 

S^tts ot fide-arms for ditto 96 

Mortars ^ Stone -i— 6 

13 Inch -^ 4 

10 Inch — 4 

Royal -- 6 

Total of mortars 20 

Beds for the above mortars « ^ 40 

Setts of fide-arms for ditto - 40 

Spare Arms for Carriages and Side-arms. 

Wheels with iron ftreaks for carriages of different calibres 36' 

Iron axle-trees for ditto , 3b 

Cheeks for carriages 24. 

Spokes for wheels - 2CD 

Staves fur fpunges 100 

Rammers for ditto 200 

Sheepfkins for ditto 100 

Wad-hooks 1 2 

Plates of copper for ladles 60 

Copper nails for ditto ^ lbs. 20 

Iron nails for fide> arms - ditto 40 

Iron wire - ..» ditto 20 

Shot, Shells, and Grenades, 

Shot for guns , , 3320Q 

viz. 32 prs. At 900 rounds a gun 10800 

— 16 — At 600 rounds 10800 

•^- 8 — .At 600 rounds for each brafs 1 

guQ and 200 ditto for each > 10800 

iron ditto J 

•-^ 4 — At 200 rounds 800 

Cafe- (hot for 32 and i6prs 2000 

Pitto fori|.prs, , •• 400 



U Shclli 





- 13 Inch fhclls at goo for each mortar 
, Ditto to roll from the breach 

JO inch dido at qoo for each mortar ... 

Royal ditto at noo for each tnorur 

Hand grenade* 

Stonci for the Ronct-mortars at laool 
rounds each / 

13 Inch fufes » „ 

10 Inch diilo „....., .,„ _. 

Royal ditto .„ „ 

Hand grenade ditto ............... .^ . 

Bottoms of wood for ftonc mortars 

for ditto 



Machines and th^ir Apparatus. 



HatidTpikCf - 

irge ditto > - - 

_ mg lever» with horfet 

Quoins .. 



H'mlif. 
36^0 
1 20a 
360a 
72CO 

12000 

15M 
5300 

4000 
8c:09 
I4OOQ 

8000 



&00 



^ins complete 

Hand-jacks 

Caplhnt complete with ropes 

Pulli=s - 

Skids :. 

Sleighs ...,..„ 

Sling- waggons 

Limbers «... 

Block-w3ggons 

Common ditto 



6 
♦0 
6 

3 
12 

6 
30 



Cordage. 

Ropes for guns ..- «..— 

Spare ropes for gins -. 

Ditto for windlailes and capHans . 
Double llings »..- « 

Ropes of various (izes •■»..- 

Paclctliread « «... 



£)ni£TOpes 



N.mitr. 

Annoivf 
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Amoury. 

.ong wall-pieces ^ ^^•..•^..-.^— • ix 

Vail- pieces ^ ^..^ -^l..... 600 

fufquets ....^..•. ^ ^^..^.^ 60a 

iftols ^ ^ ^ •..; 20 

pare rammers for mufqaets - - «. 600 

Tpontoons ..^,.,« - ^..•. ^..^.. 400 

cythes with handles ^ ^ ^o... 400 

^uiranes with cafques ~ - •*• 50 

AmmuDition* 

ullets for wall-pieces ..^•^..^..^•^.««.^ ^.^ 3000 

*ead for mufquet balls at 20000 rounds a 1 

day, including forties « J ^^4 •• 

owder — .-..^ ^..^ — ..^ whole barrels 3600 



iz. For 10800 rounds from 32 prs. at? ^g ^^ _^ 

For 10800 rounds from 16 prs. at ct lb. 1 

each C 494 — — 

For 10800 rounds from 8 prs. at 31b. ? ^ 

4I oz. each -.. J ^ "*' 

For 800 rounds from 4 prs. at 1 lb. 7 .^. .^ 

looz. 4dr. — -3 ' *^ 

For 3600 ditto from 13 iiKh mortars 7 ^^ ^^ 

at i2ib» 4 J oz. ••....M......... ........... J ^'^^ 

For 1200 ditto to roll upon the breach 7 ^ 

at 81b. 3{ oz — J «>9 — — 

For 2600 ditto from 10 inch mortars 7 

at6lb.80z.14dr $ ^'^ ~ ~ 

For 7200 ditto from royal ditto at 3 lb. 7 ^^ ^^ 

40E. 7dr - - - — J ** 

For 7200 ditto from ftone ditto at 41b. 7 , ^^ 

For laooobandgirenadesat 30Z. 4dr. 2a -^ *-* 

u 2 y<^ 




For 6ooooo cartridges Tor the infantry ilji — — 

For 3000 cartudi:cs (or wall-picccs .... 3:0 — — 

For ariiticul fire-works and cociibulliblcs 91 — ■ — ■ 

AiW ri fflf accidents ..» 300 — — 

Combudibles. 

Faggois dlpt^td inpitch ......~ - 12000 

Iron grates roriigluing the rainpirtt robe fiileii} 

wiiti (lltrtrctii cumbtiilibtes ■.« »{ ' 

I.i^ht balls of ihcdiameicrof llw Aoiifi mortars ^00 

CaicalTcft diito ».«. , 200 

Port-fire compofition 10 be put into the fliclU 54 — — 



Articles of difTercnl kinds. 



Oaken phnks for plarforms 

Sleepers for clittu 

, BalUrt-balkets 

' Hand barrow) 

Spare helves for intrenching tools 

Mand bags ~ 

Lai^ oil-cloths 

SmatI ditto 

Greafe 

Fiannd for cartriilgCB 



icon 
Soo 

1000 

100 



• 36 

yards 



Iron-work and Nails. 



Iron-work of forts for gun carriages and } , 

mortar beds „ J 3" 

Iroti-platc for carriages, round, fquare and7 

flat 5 ^7 — — 

Nails for wheels n _ _ 

Ditto for platforms — _ 18 — . — 

Ditto 40 to the lb - 3 ^. ^ 

Iron WTC ~ _™. 3 — — 

Artklcft 
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ides for the Laborator)- for inaking up Compofitions of 

varijus kiiuis. 

owder; pu]\Trized faltpetrc; flowered- fulphur; powdered 
•coal; crude antiriony ; roHn; tar; pitch; turpentine; 
is 9 fplrits of wine rjsfllriei! *, oil of olives and lintfeed ; 
:gar( yeijow wax ; fuet; grcafe; aila-tcetiday glue; thread; 

and coarfe tow ; linen and cotton cioth and barras ; 
ng thread; old linen and match; faggots; iron wire; 

cord ; fmall iron chambers and piAoU for the carcafes. 
I quantity of thefc articJes depends on the number and 
I of fire-works, and the nature cf the compofitions, wbkh 

be eafily known from the laboratory books. 

nicies for the Laboratory for making up Fire-works. 



1-yard ^ « ^ I 

ince with fcalcs "..-. « - —.^..-. i 

•les .^.— 3 

for meafing powder and mixing ccTipo^tiGn^ 2 

je copper cauldrons -.^^^.^.^.^ 3 

lium and fmall ditto ....^ •..^.. j 

trivets for di»to ^^...^ 6 

;e peHIe and mortar of bronze .. . .. i 

iinon hamr4iers ► 3 

ers ^ — .,..«..- pairs 3 

)S for wood ^ ^......-..^..-..^ ^ 10 

1 «.... •...^.... - 10 

rwlllc^ ILlliVwS ............... .y.. .»«..... ........ .................. M ^f 

;e and fmall fciflars pairs 6 

punches •.....••.•..»i.....M................a jo 

ght and crooked awls — .~..- .~.. 10 

:ing needles ........^.... ....«.....^........ 12 

ing ditto — ........... I30 

iiiion anQ nnc laws ........>.......».....*..... ................ j^ 

res and gimbicts — . — ....• 33 

1 1 1 1 Osl UC . wS .••••••••.***.....••....•■**•••«••■**•*.*■*****■..•..... ^) 

U 3 Small 
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Small wooden bowlj ("or holding compofitioni ..— .- 10 

Hcnchcs for driving fufes .„ ^.._m~...„.._ 1 lO 

Diifrt for ditro „... _.«.,-..„.„.u.. «»» t4 

Tin furitielMif Gres »......«. »»...»..». 10 

Tin riFCTfiirrt ditto _™..._.„„- „.,...„«... 50 

^oodLo fetters for fufei ...,m„ «..«.__,._ 10 

Small ditto ~.._ „ _.._. ..„ .- 10 

Oalwn planks with holes fiw loading ihc hind gre- 7 

iiadesand fufcs „J 

Bench wiili 2 beaks, one of iron and one of wood I 

Bmchei for tying up ihe fire pots, &c —..-.. 3 

Lmtrms ordinary and dark .„. . ~ ^ 50 

Epv^uvettes for powder ...«..«.^h».«...u. i 

Can-lioolts ™...™ ..—..,.«„„„,„«... ..,..„.„....... 60 

Quadrants —_»_„-_..-»...»•„...„„ „«.„.„ jp 

Priming wires —„...» .—^—.^ »..w»*.^"— — — ■—■■>— 500 

Copper ladies «.....«.__»_.»....„.,» »....„.»..» 1 

Xarge buckets ___» — «.....„.»...»»., 

Pails - „„ 

firafs fcain »..-..».»»....„._., 

%Voodcn dino ~~ »........»»..„.....,-.....»..« 12 

Large and fmall oil doths m.....«»...m^,_„...„. 30 

Common compafTcs „ _.r.. pairs 4 

Calibres — . pairs a 

Gljcbrufhcs _ la 

Hoyal and common paper .^..... — reams 10 

Parteboard ditto 2 

f linti, HccJs, tinder-box and matches - 

mi. frt. lit. 

Tacks and large nails » — „ t — — 

Wax candles ..,....^..^...'. „ ^ .^ — 

Intrenching Tools. 

Ifumitr. 

Pick -axel ...™ - « _ _ looo 

Mac tacks ~ 1500 

Shovels ^ -. 400 

Large and fmall axes ~ ».. soo 

Hand bills ~ «» — «.. 50a 

T<ooI« 
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Tools for J2 Carpentcn. 

Broad axes _,., , ,. lat 

Small ditto ^.....^^..^ ■■■■ J2 

Crofs-cut faws .^ _. 4 

Common ditto of forts .....^ , - 12 

IViangular files for (aws ^ —.—-—. .— — 14 

A lanes »•••,» • »—«—..>.—..« ^9 



Mortaife cliiilcis ..^^ «..^ .^, , 24 

Hatchets ••-..^..-..^ ,.,_.. . ,j.- - - -- 12 

Square and round gouges - , 16 

ChiiTds of fizes ^^..^^^^^,^..^ ■,, ..^ .^ 26 

Large and fmall compaflcs .^^.^^.-^.^ ^ 8 

Largr gimblets ..^.♦^..^.^.^.^ .. , -1. .■ ■ 16 

Small ditto »..——.»,-.... ■■■,.,■ ^i.. .■■■■.. So 

' Drawing kfiWes ^^..^.^.^.^.■- — , ■■■■.—■.»,»,,—,„ 12 

oleoge hamiiiers »»»#.«-»— ..>^«.^ nni ■■■■■■i , , — ,— 4 

Pincers ,,^.^..^.^.....,^.>^,>.,i. ^^^ pain ix 

Whetdones 



•••••••• •••••••• ■■—••— 



^lon Ci Wv 5 •>»•»»•»»»—»—»»■— — »•—■■■■•■— » —•■—■■■■ ■■■■■■ — ——» ^L 

Working benches ^,.^^^..^. ,,■■- ^.^»^,.,..» g 

Tools for 6 Blackfmitbs. 

Large bellows with anvils and flocks ....-^.^.^.^.^ 2 

Fot]ge tongs —...•- M.«M— •••«••••. -M*^.-...—. pairs 16 

X^3|l DOi ci 9 »»—«»•»«•—»»»»••••«———■•••••—••—•♦—«—••■•■■—»■« I — — 9 

^ Ol EC liailllll^l 9 « —•■»«»•■»— ••— m »— — — ••— >•— •»— »m »» »♦— »— ■»— »>— 12 

Sledge ditto «..^.^— ...m.^— ..••...«..^..^.. 6 

Files of fizes «..^..«..-..^.^..«.^..—^ 24 

Benches with beak irons, one large one fmall ....^-.. 4 

oiiiaii vices »•—•»—»«—«»—»•»•»■—»>»■—■■>■■»———»»———»■—•—»•»• o 

Small anvils ....— ...^ - -.^....«— •^..— ^•^.. 4 

Iron prefs for binding and ftreakii^ wheels ••^•^•^ I 

Tools for 12 Armourers. 

jf ofjge Del lows •••••••••••••••••••••■••••••••••••••••••••••••^•••••••^•s 4 

Anvils with fiocks ..^ — ..— .^..•••« ^..~ — ^..^ 4 

9 mall anvils •••••••••••••••••••••••••••••••«••••«•«••••••••••••••••••••• o 

U 4 Forge 
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Foi^biunnur& of fixes — ■ - •« 24. 

Forge tongs »- ...» pairs 16 

Benches with iron aqd woodcQ bnkt ..»...». ».. la 

Files of fizes -. — „„._— ....^_„fc4. totf 

Plaiiet ...„__,-.™_.-,.....- ~«...„..„ 84,, 

Large and ftniU goug<u ••- .^..~..«.....»-~-.n..«... 4^ ■■ 

InAruments for making fcrewsof Caa ».. — . — »... - 16 Q 

Drills with bows „..,„»..,....— .-«,i«^.——..-™^.. i - ^ 

A«gr«» fr' -"•'"-— J - - 

Gimblets - — ..^ — .'. „....«,«.... ..... 60 

Drawing kniVcs -.,.». - — - —._..,.. ja ^ 

Hand vices — .- .•■• tS . 

With a proper <iuanijty of co^> for ih« bUck-rmiih and 
armouicri. 

If the phce be countertnincti, there (hou)d be the lame 
proponlon of miner's tools as iu the former invciuory ; 
taking care to incrtaie the numbtr of them in proportion to 
the number, of miners, and 10 add tlif tollowing articles. 
Oaken phnVn for manilels; bcjmsof 5 Jnche* by 71 planks' 
for oi:c3llonal w Tks, and tor boxes lo r-oritaiit ihe powder i 
beams fbr making the frames of tbe occaConal works ; pitched 
wooden troughs ; CiucilTons injde of coarfc cloth ; large 
oil-clodis ; fdnd-bafi; pmaids of fizes j ihtUs j pi^ols ; 
blundcrbuiKs; tin chandeliers. Lanicrns; olive-oil; can- 
dles; nail^ of 46'tOthe lb. ; powder; clay; old rfung j iii- 
flaminaWe and fciid (.'ompoli lions. Tiic tjuaniiiy of cacli 
of thefc artiiriei ninfl be ajipurtioncd lo the manner in which 
the mines are chjr(;ed, arid to the method of carrying on 
the fubterrjnean war, wliich will be enlarged on in the 4th 
chapter, 

126. The number of artillery-men fof the daily fervice 
of the guns and mor'ars contained in this inventory, may be 
eofily interred from ihe former remarks on that fubje.3 (57) : 
three limes thst number will be the proper compliment rcf 
the defence of the place ; one pan is on duty on the bat- 
teries, and the fe. on J ts prepanngjnd providing the batteries 
wiih liores, while the third is repoling. If the corps of 
artillery be not fufficiently numerous for all thefe duties, 
the Itiie mull furnilh a ceriajn number of additional gun- 
ners :' four men at leafl, (hould be attached to every piece 

ol 
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6^ oninance \ To that if there be 60 gutis«and 20 mqrtam 
in the place, there ought to be 320 artiilery-imn, befides 
ferjeaiits,. '^'0 every piece of ordnance there fhould be ft 
(kilful expert man to direct the loading and la^ ing, and thft 
additional gunners (hould be allowed for in the demand of 
troops made for the earrifon* Befide the commanding offi« 
cer of anillery^ ihefe mould be 5 or 6 t)thers of inferior rank j 
and even more, if the place be capable of making a long 
defence. 

The number of carpenters, black-fmiths, and armourers 
vfiW be regulated by the proportion of tools in the prece- 
ding inventory ; part of them may be taken from the artil* 
lery, the red from the infantry of the garrifon^ or the inba* 
bitants of the place. 

With one ftage of countermines, and a large gallery, 
w^here it is poifible that the miners on botli fides may meet, 
their number (hould be 200 ; and 300, v^hen there arc two 
ftages of countermines, with two omcers, and two non-coni- 
miflioned officers : part to be ta^en from the miners belongs 
ing to the artillery, the remainder from the garrifon ; taking 
care that the latter are men of approved courage and fidehty, 

CHAP. U. 

Or THE FIRST Disposition to be made roll tHI 
Defence of a Fortress N N. 

127. X H E magazines being fumifhed with the ordnance, 
ammunition and Horts contained in the inventory ; every 
article depofited in the place allotted for it in the diikibution } 
the projected works completed, and the countermines pre** 
paraj I the commanding officer of aniHery on the apprehen- 
iion of a fiege, makes under the orders of the governor his 
difpofitions for defence : dlAinguilhing the operations necef- 
fary to be performed previous to the inveftiture, from thofe 
that may be deferred till the place is invedcd. 

128. In the firft place, the mufquet cartridges are made 
up ; light-balls, pitched faggots, and fire-pots prepared } 
the fufes drove ; a cenain number of (hells filled -, and in 
fliort, every thing in the laboratory put in fuch a ftate of for- 
wardnefs, tliat in cafe of an attack> nothing will remain to be 

done 
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dniie but to iill iKc rrfl ef titc fhell» and gttnaies •, iM 
make up combuilibles as fuA as iticy arc warn d. All iho 
guns ate inount^tl i part on the moll aiUckibtc rrgiits, the 
teflon 'lie barbeiie-b-uierws: each of which thuuM be r;j»- 
ciou« enoush to contain ievfral e:uiu, rhe Uitcr lu tuin- 

. sand the adjacent country; and ;lie governor dirctfli the 
Cneioeers to cut oui the embtaxuies in thr ti^nks. 

- If the pJjcc be couiitcinHocdi a quantity ot wc'i fified 
earth is laid in diftvrcnl parts of the galieries, ^nd ftjuica 
nd plank& prcparud for carrtmg oii frelh bt^ni^hai: 4n 
cxa£) piau and prolile nf rhe couoieroainn arc taken, which 
fliouid be very curdully prdinved i and the o^ncr* drive 
fmail flufis on cvciy li<^ to determine the nature ot rtw 
ground, vi'tih a view ol afccriaiaLng the iin->= requitiir tar 
Dukiiig an txcai'sTicn ot' a cubical fuot ; and judging how 
6r tfar fpunti «f liw CRejziy's (HiiiB's ai work tan be ttnurd i 
which eii'irdy depends on die tenjuty of the fail ; thai iio- 
tking, in a word, <ni^ be warttriig <o rcndtr the (ub'anuican 
CpCTJiions coniJm:ive to fiKcef^v cxpertnicms are madr, ta 
determine the line of l-aft reiiDai^cc for a chancer, made 
between the furfacc of ihe );[ouad and an excspation q 
feet bdow U {w!iK-h is the depth of the work that the 
bcfiegcr (liould cairy on iu Marching fur the coumrr- 
minits} and to afccnain the charge- for only thaking the 
earth, and burying the en<;my'£ batteries without making a 
large in«K«J3<r. Tlie car^ of the miners is iutrulled to an 
intelligent officer; fuine men arc occallsnally picked out 
from ihe infantry fur thai fcrvice. The carpenters, black- 
fmiths, and armouri^rs (hops are fixed, that they may pre- 
pare Che feveral articles belonging to them ; and fome horfes 
■nd oxen procured for removing the guns and (tores to any 
part where they may be wanted, with a fufiicient quantity 
of jbrage for their ufe. 

Ae <ecenomy in the daily itTucs of flores, and in the extra- 

7 to the artillery-men and additional gunners is a matter 
great monwnt; a commiflary and fome clerks of florei 
•re appointed lo keep an account of all iffues and expen- 
ditures, that exat^ returns of every thing may be made out 
ivhen called for. 

iti). At the fecond epoch (i27)viE, when the placek 
•avetledi the commanding officer of artillery direct the 
powder and every other article that will be wanted dariiw 
ihe liege, to be diflributed in the different mag&zuiesi anS 

the 
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the ItieHs and grenades to be filled and depofited in feeure 
places: this fhould be done before the enemy opens his bat- 
teries. The amu^ettes or wall-pieces with their ammu« 
nition are carried to the advanced works, particularly on 
the fide where the enemy is brealcing ^ound ; andltie-buw 
bette batteries fumi(hed with powder and ihor, and a de- 
tachment of men for firing at the parties of the «nemy tliat 
advance to reconnoitre the works, or drive in the out-pofts 
of the ^rrifon : the officer charged with this duty, after 
receiving dired^ions -from the governor with rcffpeA to flie 
parties detached from the garrifon, Aould renaais on the 
batteries during the whole day, to ieize every opportunity 
of annoying the enemy. 

An officer of the civil branch is appointed to aflift fbe 
flore-4eeper, through whofe hands all ifCmes ot ftores mud 
pafs, as he is beft acquairUed where each mtick is depo* 
fited ; this officer is intrufted with the key of the maga- 
zine, whence the daily iiTues of powder are made : the keys 
of the other magazines remain according to cuAom with 
the governor and Aore-keeper. 

It may be neceflary during the fiege to prcgefl fbot and 
(heHs to different diftances according to the (ituation of the 
befieger's park or powder magazines ; the following table 
therefore (hews the ranges of guns and mortars : the charges 
are fuppofed to-be y of the weight of the ball for mufquete, 
&c. I of the vveight of the (hot for 4 and 8 pfs. $ and | 'for 
16 and 32 prs. The trhambers of the mortars are elliptical, 
and filled with powder; thofe cf the ftonc mortars are in 
form of a troncated cone. 



Point 



SERVICE or ARTILLERY 



Point Blank. Longc.1 Rang& 

MuCquet ~ 270 i u^ 

Wall-piece ~ ~..— .~ « 303 

Long wall-piecrt - - 4.38 



Cans 



liccc ~ ~..— .~ « 303 '5^0 ^C3 

'all'piecn - 4.38 2)66 ^^M 

Vl :E::;:::::::: 1"° B U 

flloy>l i,m8 T« 

1 



j 10 inch ....„ i6!J6 

MortiK i r3 dir» 2'92 

|i7diito 26<)7 

LStone 337 

r .■ _ CHAP. HI. 

fOj|''TMiiWiK>s'iTl.')N« FOR THE ACTUAL DeFENCI 

t^o; VV TIEN it is known eithfrfromihc previomdif- 
porilions cf the enemy, or from hisbrejking ground, which 
iton heintends to attack i tlie commanding ofBter of jriillcry 
dire^S the guns alloned for that front to be drawn to it ; 
liJacing thofc of tlic fame calibre togelher, to avoid the con- 
fulion ariiing from mixing the (hot ; and makes the catpen- 
tof* lay down the platforms for the guns in the flanks. Tlie 
engineers conllruft in the works of the front attacked, occa- 
fmnal magazines for containing the povvJer and cartridges 
(or one day's expenditure. Tiie infantry fiirnilh the necef- 
fary nun:ber of additionals to alTift in working the guns; the 
fame men (hould be always attached to this duty, to favc the 
trouble of inftrufling every day a frefh fet, and fliould be 
under the care of their own non-commilTioned officers. 

The commanding officer of artillery then makes out a 
plan of defence as l^r as refpeds the artillery, which he fub- 
mits to the governor for his approbation ; and afterwards 
communicates it to the feveral ofBcers under him, that being 
tcquaimed with the principles on which the defence is to be 
condudedi 
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condudtd, they miy do their utmoft to contribute to its 
fuccefs, 

131. In this plan, the RvA axiom is to retard as much at 
pojftble thi progrefs\ of the hefuger^ and to multiply his dangtrf 
and difficulties : this is efFecled by a judicious application tf 
fire-arms^ falliesy and countermines. The whole front of 
the attack is lighted during the night, that the artillerida 
may dire<£t their guns with greater precifion, and difcover 
the movements of the enemy ; which will enable the gover* 
nor to judge when and on what fide, a fally may be made 
or a mine fprung, to the greated advantage. 

132. At the beginning of the fiege the garrifon tlirqw 
(hells tilled with combuft.bles to light the front of the attack 
during the night : when the enemy is advanced within 350 
yards of the works, light balls are ufcd for this purpofe ; 
and when he approaches the covered way, pitched faggots 
are thrown on the glacis to difcover bis works : and, finally^ 
&ggots and grates filled with combudibles are placed on 
the parapets of the advanced works, whenever the enemy 
is endeavouring to effeft a lodgment, 

133. It is an eftablifhed maxim in making Tallies, that 
they be fupported by a heavy fireof ariillvTy and mufquetry, 
difpofed in the moft advantageous parts of the works for 
compelling the befieger to remain within the trenches, or 
cxpofmg him to great lofs if he advance to repel the at<» 
tack : wherefore the fally ought to be previouflv concerted 
with the commanding officer of arrillerv, who mould fug« 
geft any method that occurs to him o^ rendering the tire 
of the artillery more efTeclual in covering it. 

134. The fervice of the countermines will be difcufled 
in the fubfcquent chapters ; at prcfent we fhall enter into 
a detail of the other difpofitions for defence (131). When 
the befieger begins to break ground, the. proper detachments 
are fent to the barbette-batteries, vijth injundions to let 
the additional gunners afllft in v^orking the guns, that they 
may become expert : this party, and all others on the dif« 
ferent batteries duritig the fiege, are relieved every 24 hours. 
The fire from thefe batteries is directed during the day 
cither againft the unfinifhcd parts of the trenches, or to 
enfilade the communications ; as may a^^pear mo(i advan- 
tageous. In the evening, precautions are taken that tho 
guns may bear during the night on the part mofi likely to 

diftrefii 
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diftrds the enemy ; flidb fiUed . with, combutttblcs are front 
tUnc to time prqjei^cd to light the country (132,). 

13^ Wlisfi the iituation of the enemy's fir/> batteries 
tt known, the embrazure* on the faces of the baftions and 
Ak other ¥Porks oppoTed to the attack aie opened, and the 
dhttfomw laid ; this fhould be conipleted ia 24 hours. 
The dift&kai of fome of the embnc^ures oi%;Erv in conform* 
il]^ to the efiab'iihcd axiom ( 131 ), to be toward^ the ground 
on which the enemy muft carry on his fap; the others 
a^ainft the batteries, oppofcd to the guns chat Ibt upoo the 
head of the Tap : it would be a mantfeft departure from t|^is 
piinciple, to oppofe gun to guQ without regarding the fap $ 
and the error would be fHll greater, to fire agaioft works AaC 
are already completed, and confequently proof to cannon* 
(hot. The oommanding officer of artillery points out tbe 
objeds agaioft which the fire is to be diceded, enjoins the 
mod exa^ attention in loading and laying the guns, aad 
fiotfoids them to be altered. He goes round the attack ar 
kaft 3 times every 24 hours ; early in the mornings to re- 
connoitre the enemy's works, and alter the diredion of tbe 
guns, if neceflary ; in tlie afternoon, to take mcmor a oduhis of 
what ammunition may be warned ; and in the evening to point 
out where the light-balls are to be thrown, and fee that tfie 
fire both of artillery and mufquetry is directed againfl the 
unfinifhed parts of the enemy's woiks. 

136. When the batteries are mounted with cannon, the 
guns are withdrawn early in the morning from the barbette 
batteries, and brought back at night to enfilade the com- 
munications : this manoeuvre is continued till the enemy's 
mufquetry is advanced too clofe to the works. The 10 
inch and royal mortar batteries are opened, as foon as the 
befieger advances his communications between the fecond 
parallel and the place : thefe mortars (hould be placed in 
filch a fituation that, in fpite of the inevitable irregularity 
of the ranges, tlie Ihells may fall on fome part of the ap- 
proaches. During the night, light-balls are projeded to 
aflift the Hin clion of the cannon and mufquetry. When 
the approaches «re advanced within 300 yards of the co- 
vered vvay, the Ikne-mortars come into ufe ; they are 
planted in the faliant an2;les of the covered way, againft 
which the enemy is directing his approaches. All the mor*. 
tars fire day and night : when the tliird parallel is nearly 
finifhed, the ftone-mortars are withdrawn from the covered 

way. 
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m^y I and placed in the works immediarely in the resff, al 
Che foot of the barbette batteries, to fire into the enenfiy's 
lodgments on the crefi of the glacis, when the garrifon is 
obliged to evacuate the covered way. 

While the beiieger is working at the third parallel, great 
number of pitched faggots are thrown upon the glacis during 
the night from the covered way : the guns that enfilade the 
glacis are diredted agamtl the lodgements on the creft of it% 
and every embrazure that flanks the enemy's approaches it 
furni(hcd with cannon. 

137. The third parallel being con>pIeled, the enemy's 
difpcifitions fhould be carefully obferv^ to judge whether 
he meditates aA attack on the covered way by Aorm or fap^ 
if the former appears to be his intention, the guns that €n&m 
lade the creft of the glacis and the covered way, (houM be 
ftimi(hed with flannel cartridges for quick firing, and ibme 
founds of cafe or grape-fhot ; and the men attached to tliem 
inflruded how to condud themfelvts in cafe of an a(Iault: 
at the clofe of day, quantities of pitched fiiggots (hould be 
thrown on the glacis, and the fire-grates Ughtod in the 
fatiant angles of the moft expofed works. 

When the enemy has gained the creft of the glads, round 
(hoc fliould be fired from all the guns that en^ade it, till 
the garrifon is compelled to abandon the covered way j then 
cafe-(hot (hould be fired : the mortars flioold keep up an 
incc&nt fire on the returns of the faliant angles of the glacist 
where the befieg^r muft eftablifti his communications. 

The garriibn will rally in the places of arms and the 
ditch, and endeavour to r^ain poiieffion of the pofts they 
have loft ; tlie fire from the ftone-mortars ihould ceafe the 
inftant the troops are in motion for that purpofe, and the 
cannonade re-commen^e. 

In all aflSiults, the officers of artillery (hould be ftatiooed 
in the works that contribute moft to die defence, with dim 
regions how to ad on every emergency : their command* 
ing officer (hould take up his ftation at the point of the grot« 
eft importance. 

I ?8. When the befieger has gained the at ft of the g^ 
by Up, all the mortars (hould play on the. con ini* 
that will be made along the faces ; and while the » is 
fying on, it (houM be enfiladed by the guns 1 1 m 
tnat bear on it. If the guns in any of t at c^ 
can plunge into the enemy's lodgments on 1 
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embrasures Diould be rcpjiied: throwing ligbt-balls duTitig 
Ihc whole nigtit, tliat the fiting mav be ilic more exa.it 
snd cffc'ilual. I'lie fame difporuiuti^ (liould be continueii, 
wbik t'lc cneiny i« coril1nj<£ting and liring from the bacicricj 
In l>reicli ; and be fupponed by a continual tire of muf< 
^ueiry, diie<fied >gainA tlic cmbrazurcs of ihc baiieries. 

'39' ^^^ beticger having eomplcicd his dcfcent into tlie 
tliich, and begun cpaulnients to cover his approach to the 
foot of the breacti, over\- polTiblc cNcrtion IliGuId be made 
lo retard his progrefs ; ihe guns rhuuid tire incelTanily aoainll 
llie epaulmciiia with round (hot ; Ihciuers of (hells, and 
)Hnd-gtCN4de» be thrown from every p;iTl ; and Mhen the 
tncin> has gajiicd the foot of the breach, the largcH Iheils 
(hould be fct fire to and rolled down, 

Thcfc difporitioni intended for the out-works will be flill 
more elfetiual from the body of the place, where the fire 
ftom the flanks that defend i!ie breach is greatly fupcrior 
to the enemy's: fincc, bcfide this flanking tire againfl the 
epaulmcnis, a heavy lire can be alfo directed a^nU the 
Counter- baiter y. 

A breach having been made in any of the out-works, 
I the artillery (houfd be withdrawn in lime, and placed in fome 
woik ill the rear ot {lie one ilut is di!"mamlcd, in otdcr lo 
fire into it. When the guns are withdrawn (romthenTc 
Kn, fome etnbrazurcs (houtd' be opened in the curtain, that 
the betieger may be cxpofed to a heavy fire from many pointi 
at once, the ia(Uat he attempts to lodge bimfelf in tlw 
ravelin. 

14,0. The breach b«ng rendered prafiicable, a great num* 
ber of burning faicines and light balls (hould dc thrown 
Mto it ; and over thefe dry fa^oti and combuftiblei of all 
kinds : when this expedient is cxhaullcd, all ilic guns and 
moriars (hould be pointed at the breach, to mow down tlie 
enemy's colutnn in mounting to the aflault. 
. From the different methods of repelling allaulti explained 
m the fecond book of Military Archite^ure, the officers of 
artiMery will fee in what manner the defence of a fbrtrels 
provided with l^orcs of alt kinds, may be protc&d by their 
flcillful and judicious conduct, combined with the cxertuuu 
of the other purrs of the gamfon. 

Though the preceding rcgubiions may feem lo be adapted 
only lo phces where the works mutually fupport and com- 
mand each other, and every point in the environs } yd 

they 
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they are equally npplicable to fortrefles fituated on mountains 
wiih different |)rolil(*s : provided that in the proportion of 
(lores, an additional number of mortars and combuftibles 
be allowed tor the defence of the dead angles, which fre* 
qucniy occur in places in fuch fituations; and the mak 
points be carefully diflinguithcd from thofc that areinaccefli* 
blc, even when a breach is efFedtcd. 

141. When at length, the place is no longer defenfible^ 
the chamade is beat: at the lurrender the commanding offi- 
cer of artillery in terms of the capitulation, will give the 
enemy an exa6t inventory of the ordnance and ftorfs. If 
permiflion be granted to take out any covered waggons, the 
krgeil guns Ih-uld be carried out on block waggons covered 
with oiUcloths, and not infcrted in the inventory given to 
the enom\. But if 1 1 le fi cgc be raifcd, all the fiores liable 
to be pi 1 .1 :d Ihou.d he immediately carried back to the 
Bna^j/i;its, and a gciicra! inventory taken, difiinguifhing the 
Ibrviccublc from the unferviccablc ; th*: guns and n>ortars 
fhould be alfo examined, and thofe tliat arc damaged fcnt t(^ 
the foundery. 



CHAP. IV. 

Of the Defence of the CouhriiRMiNEs. 

142. A N the greater part of fic^'CiJ, the beriff;cr his a 
ilccided advantage ; for the environs of inoll place* bein^ 
fufficiently fpacious, it is in his power to plrint a very »nj- 
merons artillery in his firll batteries, 2:\'\ < lialilali u fiic fup^-- 
rior to that of the place : but ui the atra.k <;f .1 fortreb whcic 
the countermines arc jiuiicioully dilprilLd, the gurifon ;it 
the inftant the befieger is endeavour inu to l;d;»e himfelf 011 
the glacis y and in the other worics rLi;ins il.e.r fuperiorityj 
Cncc he is under the Mccefllty f>f Kelin^ his way with much 
danger and lofs of time, in otder xu allreitain the Ut'cty of 
his lodgements and batteries *, without kno'Ain^ t))e points 
where the beiteger awaits him, and often findin;; hinifclf 
buried in his own works at tlic moiiii*nt he le.ilts cx|M.\Mb it. 

143. To oppofc the btlieccr clileifually in his rcleaieli 
for the countermines requires muchdifeenunent, an uninter- 
rupted vigilance, and great cxcttions of bravery. The Anu 

X dauiental 






i) ti anticipate tl* atUmfH »f itr tntM^ 

SM^ tt ftprvt at iing at ptffitf* if>t tauuttrminn Mjtgtitd 
fur Utwiiz nf ibt ^nncipaf Udgtmtntiy aitd tbt Itltiruj hi 
irtati. 1* « tl))» pur{)alc ; 

1. Tbc pci^vitional bruiclin llinntil be cuini^tctal by 
the lime ihai ihe believer reaches ibe f^ot vi ilic ^.M.it. 

2. The ciiciny's miiieis Ihoulii never i>c allowed i6 
gei below (lie iruuniermincs, fiiicein rtiia wurfarf ^.'lu- 
evef bus lowell ground has ihe advantage. 

3. Kvery attempt ihoutd be mads with fn-jgafles aad 
petardt to ddboy ibe enemy's wotks xi a duiancc from 
tbt [wrinancnt counter mint*. 

i). The charges for ruining the enemy's worfci 
(hould be c-tleulaicd to produce lito ddired eded without 
running any (Ifque of daii-.a^jbg thepcriRancot couii- 
tcrmincs. 

5. When to fruftrate ilic enemy's atiempts, it It 
ncedTary to fi>ring a mine at a point, thai may imcr- 

' rujit tbc communication with fomc of the permanent 
countermines; a Trclh conununication (houldbc imnie- 
diatcly made from tbc branc^e?, or the neatell gallcrks. 

6. Proviiiunal branches for feoling for ihe enemy 
will be moll cffeLluat, wlien made to t!ie right and left 
at the fame time. 

144. To convey a general idea of this fubtcrrancan war, 
• let us fyppofe a place with two Ibgcs of couniennines ; that 

permanent and provifional works are prepared along the 
front of the attack, when the befieger gains the foot of'thc 
glacis ; and ibat tbe foil has dci^tb and tenacity enough to 
enable the beliegcr to execute any work he may judge necef- 
fary. The objects of the befieger being to render ul'elefs tbe 
countermines of the place, in order to fecure his principal 
lodgements and batteries in breach, he will be obliged either 
to attack them in front by the means of (lopes and galleries j 
or to ::ttacl[ the palTaccs leading to them by fmkin<> Ihafts in 
the covered wiy [Part I. Chap. VII.): the following are' 
the (iirpolitions for oppofmg tbefc attempts. 

145. The front that the enemy intends Co attack being at 
length known, a larger quantity of earth is carried into the 
galleries on that fide: and when he approaches the foot of 
the gi^icls, hiled fand-bags are ranged along the plleries 
without obfirucling the paiTage, and a largj quantity of dung 
laid in llie ditch near the entrance of -ths couiucimities. A 

miner 
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toiner is poftcd in every three or four branches that poiht 
towards the enemy to liften whether he be at work : oa 
hearing hini, the miner fliould keep fln<^ filence, and redou-* 
b]e his attention to afcertain exadly the fituation, diftance 
and nature of tlie work he is carrying on. If the enemy in 
making his lodgments meet with one of the ventilators of th« 
mines, the bottom fhould be immediately clofed with a fand* 
bag, and the fpace between the bottom of the gallery atid the 
ventilator filled up very folidly. When from the nature of the 
foil the enemy can drive his Aiafts under ground without beinfT 
heard, a well braced drum (hould be placed at the fufpe£lea 
points with fome grains of fand on the parchment, which 
will move when the ground is ftirred or fhaken. 

Having afcertained by one of thefe methods that the enemy 
is advancing towards the countermines, the five following 
pafes may occur. 

1. His (haft may fall on one of the branches of the 
firft ftage. 

2. Or on a gallery of the firft ftage. 
;. It may approach very near to a branch or gallerj 
lefii^ ftage. 

4. It may fall on a branch or gallery of the fecond 
ftage. 

5. It may fall obliquely on the countermines of the 
fecond ftage, without tlie beficgcr being overheard in 
working from the countermines of the firft ftage. 

146. The general method of oppofing above ground thefe 
ettempts of the befieger is to throw (hells into tl^ (hafts; 
the fituation of which is eafily difcovered by the foil of th^ 
excavation : the explofion of a (hell falling into a (haft, ren- 
ders all further attempts for fome time impracticable. 

Another method equally effedual is to make a fally, and 
throw into the fubterranean works of the befies-er combufti- 
bles of a very fetid nature, to render the air unfit for refpi- 
ration. Befidethis, the following oppofition is made under^ 
ground. 

147. Should a (haft fall on a branch of the firft ftage 
(14$, No. i), it (hould be immediately filled with fand-bags 
prated clofe together for the fpace of 20 feet ; in the middle 
of this fpace immediately under the (h^ft 4 or 5 loaded (hells 
Should be laid with the fufes of fuch a length that they may 
fJI burft together: they are fet fire to by a faucifTon the 
fPOment the befieger pins the roof of the branch, and by 
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their explofiim deilroy tlw Ihaft aiKU'Hjfcn the full, fo tlirt 
the bcfie^r «ii; \k unable lo tcncw ills Moik. Mitltuui grot 
trouble and lofs or time. 

In atcnadous foil, a hole aliaul 4 feci Tquare may be msiSc^ 
by taking fome bricks out of tlie roof of the branch aX tjie ^ 
pan where ihe Ihells arc lodged, and fupportKig the ear!!t-S»ilIl ' , 
pbnks; the cxplolion of the (hells wiil do inure tiij-try to' ' 
ihc (hafi and lefs (o the branch. 

When ttic (haft fall* near liie cxtrcmiiy of a braneh, a 
box containing abr,iit i cwi of powder may be piacod cbfc to 
it, the branch nlled wiili fand-bag> and dung for the fpace of 
]o feet, and a £iiicilton laid in a wooilcn trough 10 (c( tiit 
to the powder, the moment tiKberKgcncaches the toof of 
Ihe branch. 

148- In the fiKond cafe, viz. of a fliaft falling on a gal- 
lery of the firft ftage leading to i!ic advanced counlcrmitict j 
feme ftrongtrcftlcs ctjual in Icnpth to ilie width of the salJcry, 
and about 3J t'cet high Jhould he indantly placed under the 
ihaft acrofs the gallery, and at the riiftancc of 5 or 6 fccc 
from each other; and upon thefe IhuuM be Inid a floor of 
pbnks 20 feet lonj, and the fpace between them and the 
toof filled with fanil-bags: 4 or 5 Ja/^c (hc)ls fliould be 
then placed on this flo-r, <;;iiitj|,d ns in ihi.- precorlin? p:ini- 
gr.iph, and fct fire 10 ilii; miti.ent live ix'.'.c^cr reaches the 
roof of (he gallery. As by this method, the communication 
is kept open below the trefiles, it is preferabie to the other of 
tilling the whole fpace with fand-bags. Befide, if the coun- 
termines to which the gallery leads be of great importance, a 
fredi communieaiion may be made from the nearell branches 
or galleries, after the explofion of the Ihells. 

The beiieged ihould perform thefe operations as filenthr at 
polTible; not ullng hammers to knock out the bricks or 
make holes in the roof, but forcing them out with levers, 
that the befiegcr may not be aware of his danger. But the 
operations of the befieged will not fail to be difcovered in 
the three following circumllances. 

T49. When the (liaft pafles near a branch or gallery of 
the 6ril (lage (14.5, No. 3,) ; its dire^ion and diAance being 
known, t!ic befieged IhouH afcertain whether the (haft when 
funk till it meets with waier or rock will be near enough to 
any of the permanent countermines to dci^roy them : If that 
be the cafe, he fhould carry on horizontal branches on both 
tides. to lind out the Ihaft, and Ikave every ihin^ in readine(s 

for 
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for charging a cfiambcr infiantJy to dcftroy it. As the bc- 
(ieger muft be aware of this, the bcfieged ihould attentively 
liilen to find out when he ceafes to work, which will be a 
fign that he is charging l.is chamber; taking care to diftin- 
gui(h between the iound that is made m hollowing out the 
eanh, and a noife frequently made to counterfeit it, in order 
to deceive the bcfie<xed. 

When the befieger ceafes to work, the diftance betweea 
the branch and the fhaft Diould be compared with the dif- 
tancc between the bottom of the (haft and the furface of the 
ground ; and if the Hnc of leaft reliftance be towards the fur- 
face, it it will be fuflicient to make a noife Similar to that of 
removing earth, without proceeding any farther : which will 
make the befieger believe that the work is always going on, 
and induce him to fpring his mine without doing any detri- 
ment to the countermines, yet greatly to his own di fad vantage ; 
fince after the cxplofion the ground will be unfavourable to 
any future work. But if the line of Jeaft refiftance be on 
the fide of the branch, a chamber (hould be inilantiy charged 
with a prgper quantity of po>^der and fprung. If the be- 
fieger, notwithdanding, continues his work, the branch 
(hould be advanced within 7 or 8 feet of the fluft, that it 
may effeftually dcftroy it, without doing any damage to the 
countermines (143). 

150. In the tounh cafe, viz. of the (liaft falling on a 
branch or gallery of the lower l^age, the befieged will make 
the fame difpoiitions as before (147, 148), atid fet fire to 
the (hells the inftant the befieger reaches the roof of the 
gallery ; when the (haft pafles near any of the counter- 
mines of the hrft ftase, the befie2;ed will carry on liorizontal 
branches as direded in the preceding paragraph, making at 
the fame time the ncceflary difpolition in the couniermines of 
the lower ftage, that are threatened by the enem v . 

When the (haft without paffinr near the countermines of 
the firil (lage falls obliquely on thofe of the fccond, hoiizonral 
branches Ihould be carried on from the lower ftage in the 
fame manner as dired^ed for the upper one. 

151. The fubterranean war is ftill more in favour of the 
befieged, when the belicgcr attacks the countermines m front 
by the means of galleries or branches ; fince the former will 
be then enabled to difputc the ground inch by inch. When 
the enemy's gallery points towards a provifional branch, ho 
fkoM be waited for ic) fiicnce, till arrived at a proper dif^ 
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lance, anil a mine fprung to (kllroy his works ( i47\ I^itt 
if he advance on a permanent branch at a tiiliancc tVom iht 
provifional ones, the nearell proviiiunal bran:!) ouglit to b& 
carried forward lo meet him as before dirciSctl. 

151. Ii may happen eJiher through th( negligence of the 
beficgtd, from ihe nature of the ground, or^he iniirucuenw 
ufed in boring it, th:tt the bcHegcr may wilhout being hcatd 
gain the wail of the countermineB-. in this csfc, a large 
petard well propped behind Ihould be inllantiy tixcd apin/l 
the [Hrt he is approaching, and the (crews thai fallen it to 
the piank taken out, that it nuy aA agatnA the wall with 
greiitef foice and do the enemy more damage : m fuon after 
the cxplofion zs the fmoke will permit, the miners ihould 
cxamiite if any communication be opened between the coun- 
leimine and the enemy's works ; throw in quintiiies of letid 
eombuftiblea ; ciofe the hole hermetically, to prevent the lU-nch 
from pafling into the countermines i and block up at ibe 
fame time all accefs to the bcfic^er. 

Should the befieeer gnia an enirance into any of the coun- 
termines, Tome of the moft refoluie mineri armed with cni- 
Tid^i and blundetbuiSrs fhould be fent lo drive ihcmas far- 
hack as poflibje, and the communication be intemipied and 
faiocked up wirh fsnd-bag5 ; all Ions of combullibles ihould be 
thrown into the intsrccptcd part to compel the enemy to 
fibandon it. 

153. The garrifon flwuld never relax in oppoHng the d«6gDS 
of the enemy, even though all the permanent counterminea 
ate by degrees dcflroyeit and they are thus deprived of the 
means of bl;>wii>g up the enemy's batteries; fince tike de- 
fence of the place vnl! be thereby confiderabty protrafied : 
Whereas (hould they under the idea of preferving the perma- 
nent works entire, be loo cautious in countetaiSiing the bo- 
fieger, he may by carrying on his eaterprizes under ground^ 
render all the countermines ufekfs; and deprive the gairifon 
of every benefit that could refult from them. 

After fpringing a mine, the miners (hould never be too 
hafty in rp noving the earth or rubbilh that chokes op the 
pafTige to it, or in examining its dfiids ; this refearch bctag 
attended with no utility, and moreover, very dangcfous] 
the fmell and fmoke fhould be drawn away, and th« air pu- 
rified by pla;:ing mantlets at the entrance into the countct^ 
mines, with tin pip^s fixed in them and communicating with 
the place where the mine waa fpnicg. The miners in tfac , 
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menn time ftiould be liftening in the other branches to dif- 
cover the enemy's operations. 

154. The fame directions are to be obferved, in defending 
the countermines under the ditch, in the out-works and in 
the body of the place. 

Thcfc operations (hould be always^ported by the failles 
of fmall panics, made unexpectedly in the ditch, to kill the 
enemy's miners, and throw fetid combuiiibles into their works. 

From the method of attacking: countermines, treated of 
in the tirll part, it will be cafy to afccrtain whether the pro- 
vifionai works, in either of the three cafes mentioned at 
the end of the third book of military archite6lure, are pro- 
perly combined : if not, the dere<ft may be eafiiy remedied^ 
in making out the proportion of (lores for the place. 



PART V. 

Of the Use of Pirwan^kt Countirmines in the 

Defence of Places. 

155. JTOUGASSES and permanent countermines 
being intended to overturn the principal lodgments and 
batteries of the befieger, tiie following is the mode of attain^ 
ingthis obje6l. When the beilcger begins to make the third 
parallel, all the fougauls on the front of the attack are 
charged with the quant itv of powder found by experiment 
( 1 28) to be adequate to the line of lead refiAance ; the fau- 
ciilbns of communication are laid in pitched wooden troughs 
funk in the ground about a foot deep along the pallifadoes, 
that, if the enemy attempt to carry the covered-way by af- 
fault, he may not be able to cut them off. Thefc communica- 
tions begin at the faliant angles of the covered* way, and 
terminate at the re-entering angles of the places of arms; they 
are fo difpofed, that the fougafles at the moil faliant angles may 
be fprung feparately ; then thofe before the faces of the bailions 
and ravelins ; and laftly thofe in the faces of the places of arms: 
The fauciflons ought to be frequently changed when there 
if reafon to apprehend that they may be injured by the hu« 
inidity of the ground. 

156. Then, the covered-way being ftormed, and the gar- 
nfon forced to abandon tiie faliant angles and retire into 
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fllt'iJ&e** of rf(n»i it will be s milter of conrulerarion, fs* 
^Ihe number and difpofition of the enemy wilt be riifcovercd 
|- ty means of light balls, fcc. ) whether il vnill be more advilc- 
' Bbic tnflantly lofpringth* fougaflcs, or wait til! ittcir ludg- 

"inents arc compiered : This muft depend on the gamfon, 
"l^nd the circumftmceiKt' the ficge. Suppoiing ihe attack to 
T)c to vigorous ihai'fhe garrifon h coini'ellcd enirrdy to 

abandon the covered-way, aUrong detachment ftiould undct 
)vcr of a heavy' fire from all the works that coinmand the 

places of arms force their way into ihcni asain, arxl fct fire 

to Ihe fauciffons that lend to the tov^Cks; and immcdiitely 

I after Ihc cxplofion, retire lo llieii foriiter poil, and pour in 
a very heavy tire of murr^ueiry, 
15;. If the beliegcr attempt to get poitenion of dte n- 
vercd '^ay bj- fap, the tougafles ftioutd be fprunp fitcccfliircly, 
accordingly ns he makes his lixigmenti ; uking care 10 
Ipritig ihem before the encriiy can difcover and render tbem 
Ufclefs. 
158. The befieger havin* rc-efiabiifiied his Iodgtt>cnis on 
the creft of the glacis, and be^un to conrtru6t his batteries in 
breach, the chambers of the countermines of the firll ftaac 
beneath the batteries are charged : the quantity of powder 
ihould not be too great for the following reafons. 
*■ '" I. Left the befiefrcr Itylge himfelf in the encavatlon 
or I'ltoimoir ; the grcund Ihould only be (haken enough 
^' to overfet the batteries and bufy the guns. 

2. Not to damage the contiguous countermines by 
too violent an explofion ; which mighf render them w 
no cffei^l in oppofing the enemy in making his dciceat 
into the ditch. 

3. Not ufelefsly to ckpend powder, which may be- 
fore the coYiclufion of the liege be wanted for fiMtte 
cITential purpofe. 

159. That the chargt may a^t only on the fide of the line 
cf leaft refillance, the pafl^ to the chamber (hould be very 
fohdly 61]ed up for n length tnd half of the lir>e of lead re- 
fiftance. For'cxanipie, fuppofe the chambers A, B, (PI. j, 
Fig. g) are 10 be ch£re.;d, and each branch C D, E F, be 
■ equal to the tine o( lealt refiflance : in A C D, B E F, lay 
3 layer of dung 4 or 5 inches deep, and place in each cham- 
ber a well-pitciicd wooden box of the proper fizc to con- 
tain the powder : having filled it and applied the faucillbn, 
rover it with planl^s j aud in cafe of damp with tul-cJoth. 
'■■' Then 
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Then having filled the fpace between the box and the fidet 
t>f the chamber with dung, large (loncs and clay ^ clofe the 
mouth of it with planks and mantlets, placed along the walls 
C D, G H^ EF, KL, fupported by the horizontal beams 
IVf , N, fecured by (Irong wed^i^es, and fili all the interflices 
^^ith fand-bags and dung. Continue this operation to D,.F, 
where apply otiter planks fupported as before byrhe'hori** 
£ontal beams P ; fill up the interlaces with dung^ &c. as far 
as Q^, fo that the right lines A Q^, B Q^ be each a length 
and half of the line of leaft refinance : at Q. place fome 
planks firmly fupported by the beams R fixed in the wall S» 
The fauciiTon (hould be conduced in a pitched trough along 
the branches C D, £ F, fo that that the two chambers A, B 
may be fprung at the fame inAant : for it is evident, if they 
be fprung at diftei^ent times, that the refinance will not 
be reciprocal, nor the effeds of the. explofion fo great. 

1 60. Une of the principal maxims in the defence of a 
place is, to hold in readinefs a body of troops to march inflanthf 
after a mint is fprung^ to tah* advantage of the enemy's con^ 
fufion^ and endeavour to regain the covered way^ or any other 
pofl that may have been lojt* Thefe faJlies (hould be fup« 
ported by a heavy fire of cannon and mufquetry from every 
work that bears on the enemy. 

A fecond maxim is, never to fprlng any of the permanent 
countermines till every method of retarding the encmy^s pro* 
grefsy or deftro\ing his works above ground has been exhauftedi 
for a mine once fprung is henceforth unferviceable. 

161 • Keeping thefe maxims in view, let us fuppofe that the 
chambers under the batteries in breach which have opened, 
be charged, and the troops ready to fally : then the mines 
being fprung, and their efifc£l$,afcertained, the troops advance 
rapidly to the batreiies that have been overturned, throw in 
a heavy fire, and fally from the covered way to attack the 
neareQ lodgments, the moment the,^t)emy appears to be in 
diforder. In the meun time^^t^ miners by the means of 
manlets placed at the entrani^'oif the countermines, and of 
tin pipes reaching to the chambers that have been fprung, 
endeavour as faft as polTible to draw out the foul air and 
introduce fre(h : they then immediately b^in to extend 
the intermediate branches under the glacis, in order to over- 
turn a fecond time the batteries in breach. If this be im- 
practicable, they mud employ the remaining chambers to 
bury the befieger in making the dcfccat into the ditch. 

Whai 
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When no farther advarnage cin be ticrivcd from them, fhey 
make in the larje gallery a cliambcr an boili Udes of ihe 
defcent into the ditch to deftroy it. 

l6j. The cr.kiiitcrmines of the lirfl ftagc being fprui^, 
thofe of the fcco:id remain :o overturn (he new creeled 
|>atten<:s in breach, and deftroy the (fercent inio the drtch j 
iticir chambers arc charged wi'K the proper «lu3iiiiF\ of pow- 
der for the line of ieall reCiflance, taking nre to till up the 
empTy branches or galleries of ilii. countermines of the fm> 
flaf^ that are within reach of the Ihock ; oihcrwifc llie force 
of the cxpUjfijti v»;II be fpcnt againft liicm, witJiout over- 
aiming the batteries: when this cannot be done, tiie chargn 

J ftionld be incrcafed. 

> 163. The bcficgcr having at Jength afccrtairwd the farety 
tS Im batteries on the glacis, and in the places of arma, 
begins to bitter in breach; and having cotDpletcd his de- 
fcent in'o the ditch, advances under cover of a double 
qjarlmcnt towards the foot ^of ih- breach : the beficgcd 
then charge the mines under the t'iiTeicnt cpauitiieno ttntt 
breaches with 3 fufBcicnt quantity of powder to bio*' away 
the rubbifh that has fallen down from ilic breach t atM it»k< 
A large cwjvation in the ditrii, ili.it tha bcliejjcr inay ba 

I vnder the ncccflity • ; ; 1: .1 , : .... i^iany more roimA in 
order to brjt tii<v. u ■ I'j.ike the br«-at-h again 

kcceilible. The chambers thus charged Ihould be fet fire to, 
the moment the enemy mounts in column to the afTault. 

When the countermines under the ditch are fprung, 
thofe in the attacked works (hoiild be charged to overturn 
the lodgments that may be made in them j Ihe 'charge 
fhould be very large in order to throw to a great diflance 
the materials, and rendtr the breach ascain inacceirible, which 
wiil by the befieger under the neceffity of keeping up » 
heavy fire for fevcral days, to regiin the advantage he hai 
Fort. The mod favourable moment of fetting fire to thcfe 
chambers is when the eivmy is giving a general afiault; or 
¥fhen he has brought up cannon through the breach to bit- 
tv the interior intrenchmcnts thrown up by the garrifon. 
Springing the countermines in the baltion will be the hM 
effort of the befieged, unlefs the body of the place be con*' 
ftrufted on a fyl^m of demolition, and wdl countermined j 
in which cad-, the conduS of the officers will be regulated 
by the preceding maxims. 

CHAP, 
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C H A P. VI. 

Of THE Defence ot^ Places construcTeb on a 
System of Demolition. 

164. A HE dePcnceof places conftruded on a fyfteni 
of demolition, and countermined, depends on the connec* 
tion of the works that are to be hJown up with tRofe that 
arc to remain entire (Military ArchitedurC) book 3d) : as in 
thefe fyftems, a work that is in the event to be idemoliihed^ 
(hould remain entire unto a certain (lage of the fiege, and 
the mines zSt only on particular parts, without damaging 
others 1 the greateft attention is requifite in ckterminit^ their 
iituation and fize. The fotir following paragraphs contain 
the principal cafes that occur, with a few reflexions on each. 

165. When from the combination of the works, the 
portion, number, and fize of the mines, can with accuracy 
be afcertained from an infpe^ion of the plan of the place^ 
without a neceffity of performing any previous operation^ 
they fhould be made before the place is attacked, (Chap. 109 
Part I ) and charged a few days before they are to be fprung. 

166. When the portion and fize of all the mines are 
determined, but their conftru<5iion requires much time and 
labour, the officer of artillery detached to examine the place 
previous to the.fiege, (hould fpecify the neceffity arnl extent 
of this operation : and, if the fyftem be fo combined, that 
the mines cannot be made before the fiege, without weaken- 
ing the defence of fome other part, he (hould point out the 
feveral modes of defence that to him appear mort feafible, 
Bod give his reafons in writing ; that the commander in 
cUef in laying down the plan for the campaign, may know 
upon what length of defence he can fafely reckon. 

167. It being impoffible from the conflruftion of the 
works to determine the fituation and fize of the mines froa» 
Bii inlpe^tioir of the plan, the officer of artillery muft exa« 
mine how the waU» are conne^kd together, in order to* 
afcertain what parts can be demoliihed without injuring the 
others. For the fake of obviating thefe difficulties, it is to* 
be wished that the mines were a(ways made when the for- 
tiicatioaB we% Qoa&pu^d i and that the walls which are tot 

be 
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be blown up were not built inio thole ihai arc to fland, but 
inertly joined lo tUtm, or <lirpol<Ml in ilie manner meuiionccj 
in the jd book of Milirary iVchiiea«re. 

i6S. The fyflem of dcmoUiioii ouih: to be perfcilcd 
previous lo the inveniturc of iJie phce : when Um has not 
been donCf the artillery uffi.-er fhouid fpccify whether it may 
intencrc materially with the other inditpci.Ubic opcnuoat uf 
the defence : Cnce inJlead of bcin^ beneficial, it m^y vet ihe 
contrary prove very dcirimaitai to the bclieged, by oc.u> 
pfing X fpace of time that can ill be fpared during tlic uclU4l 
defence. 



— DiSrOSITIONS FOR DePENCE OF A PlACE 

"> lIlllEGDIARLir BBSIEGED- 

i6g. X H E fubjefl of this chapter applies to all fortifi- 
cations conftiuilicd oii the modern f>rtem i to ihofc throvvii 
vp on the fpurt of (he occafion, as weli as to thofe inicndcd 
Ito be permanent. 

The motives ihat may induce an enemy tn diri-enfi; with 

-jny of the ileps ufual in rcirubr llcy.es, noy he inlerrcd from 

Ibc nkith chapter, and be reduced to the four following cafes ; 

I. When in the vicinity there are any favourable 

pods that can be ufed to advantage againi) the place. 

1. When the fortifications are conllrudlcd upoa a 
bad fyl^em, or are out of repair. 

J. When the garrifon is weak, and provifioiu attd 
ftorcs infufficicnt. 

4, When tlie garrifon, though fufliciently nume- 
rous, is compofed of new levies, or of troops whofe 
fidelity and courige cannot be depended on. 
170. The common ixiom, that if the caufi be dene axuaj 
ifie tffeil ceaftsy holds good in this as in every other cafe ; 
tor by occupying or rendering ulelefs all pofts favourable Xa 
the enemy, repairing the fortifications, and ^ing the maga- 
zines, this kind of C^e cannot lake place. Thus, with a 
4ue degree of precaution, it may be wholly avoided in per- 
manent fortifications ; yet places fortified through necelHty, 
«r duiin^g 9 i^ate of holtilityj may cither firom defefi in ^ua.< 

tion. 
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tion, or want of time to improve to the utmoft the natural 
advantaT[es, be expofed to it. 

171. Suppofe an officer of artillery detached to a fortrefs 
labouring under any of the afore- mentioned defeats, with 
orders tt> make out a plan for the defence : he Ihould atten* 
tively weigh every circumftance that can favour a precipitated 
and irregular attack^ and in his demand of artillery and t^oreS^ 
conhne hiinfelf to the neceflary quantity for oppofing the be- 
fieger when he arrives at certain given points. Any guns in the 
neighbouring towns not perfectly good, but competent to 
the expenditure of the propofed quantity of ammunition ^ 
or anv £>uns of intermediate calibre fhould be fcnt to thcfe 
places, f'.nce after the furrender they will be of no fervicc to 
the eiicmv. 

172. regain, fuppofe a place inverted by the enemy under 
circum:lanecs favourable to a precipitate attack, there are 
twv> caies to be confidered : the one, with rcfpe^Sl to places 
impcrfedtly fori i tied and provided only with ilpres, &c. for 
ftanding; this kind of iiegc (171): the fecond, with refpe<^t 
to regular fortrclfes weil fituated, and abundantly fupplied 
with itores of all kinds, but of which the garrifon either 
from finalhiefs of number, or want of ex}"»criencc or zeal 
(16"), No. 3, 4), is incompetent to a regular defence. 

173 In the tirft cafe, the arti'lery officer guided by the 
particular motives tl>at influenced tiie commander in chief 
to adopt tWis plan, Ihould exert every pofiiblc means to pro- 
trait the liege ; not keeping up too heavy a fire at the be- 
ginning, left the ammunition be too foon expended : nor 
on the contrary, permitting the bclieger through remiffiiefs 
in firing, to lodge himfelf on the works ; which will greatly 
accelerate tlie capture of the place, efpeciaily when they arc 
badiy conrtructed or out of repair. 

The only method of determining the precife line of con- 
duit to be obferved in this cafe, is to weigh on the fpot the 
adiual rtate of the place, with all its advantages and difad- 
vantages ; and from a general view of the whole, to lay 
down the plan of defence mort likely to protract the fur* 
render. 

174. In the fecond cafe (172), the greatcft efforts (hould 
be referved, according to the ftrength of the garrifon, for 
the body of the place, the ravelin or other out«work, fo that 
from the time the beficger effects a lodgement on the glacis 
till the place capitulates, the defence will be almort regular : 

when 
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when there is a fiipcrahundauCT of powder, fircwcrks, md 
tombultiblcs^ Ur^t boxes full of powder may be buncd at 
the foot of ibc bread), the mities on ihi: front of the atiacJt 
overchifgcd, lar;^ hrcs ligliiwl on the breaches, and fup. 
«lic(t wiiti fuel liil (he wttulc be cxpemJed. 
• " One of the moft cflciitial points towards prolonging the ' 
defence in this cafe, is not to exporc the garrifon lo unttc- I 
ccHsrily iurd duly. Kvcry aveniK by wliidi the enemy csa ' 

Set accels to the pluce through the diidi, ai caiiHli, aqu«- 
U>^, &e. ought to be el!*eiBually bloclced up, and every 
precaution taken to guard agatnfi furpriee : no more men ' 
dwulif mount guard during the night than src abfolutely V 
nccdlary ; and even thi^ number Ihould be dimiiiiUKd during ' 
tlie day: ihe garrifon oughl to l>e well fed, and far the fake 
of cxviting eiiniu'ion, any fulUicrs diftii^uifhed {br a<^ivity 
or intrepidity, Ihould be haiidfomcly rewarded. But if tho 
troopi, ihougli futficicntiy numerous, be from want of ex- 
perience or lufpiciun of iheit iidelity, until to be intruflcd 
with the defence of the covered way ; the governor and the 
principal officers (liOuM cmlcjvour to inlVuiit them in lh« 
.toon fimple and material partd of their duty, and fet them 
mtaiofies of indefai^ble veal and excriion : tliey ouglit tQ j 
■iu Mnicu^irly careful to prevent their being feized with a 
panic, ehetk all irrcf,uiarify, and b? on iheir cujftl againll 
mutinies, wliich fre<j>icnily happen iii reginKnts compofed 
principally of I'lI'L-ners, 

175. Tli^ t'jijr cjfes in v.jiidi a forlreTi is blockaded, 
have been already mentioned. To render the blockade of 
no efFcil in the firft cafe (91, No, 1), the magazines and 
botmcks are made faomb-proof, and proper precautions taken 
10 prevent and cxtinguifli lire : in large cities expofed oil every 
fide lo bombardment, wliere the houfes cannot be fecured 
from fneils and red-hot fiiot, the governor 10 cover the 
iohabitants as much as poliible, fhould endeavcur by the tnoll 
prompt and vigorous meafures to keep the enemy at a dif- 
tance ; by making powerful fallies, throwing up lines of 
counter-approach, and feizing and fortifying with artillery 
every ftrong port in the vicinity of the city. 

176. When a blockaded city lias not the moft diflant 
pR>fpei5l of fuccour, the garrifon ihould keep up a very heavy 
ore from their artillery, and frequently make large falliei^ 
tlM^ Ihey may compel the enemy to raife the ficgc : by theft) 

meani 
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means they wHI at leaft, expend their ammunition, and not 
leave a complete arfenal to the conqueror. 

In the third cafe, the nature of the defence muft be de- 
termined on the fpot from the mar.ner in which the enemy 
c2rr.es on and directs his attacks ; the grcatert efforts of 
the garnibn ihould be oppofed to the works and batteries 
tint iiicommode the place mofl, without waiting ammuni* 
tion ae,ain(l the others. 

Finally, in the fourth cafe every advantage for which the 
enemy gives the leai) opening, ihould be feized -, taking care 
at ti.e fame time to be fparing of the ammunition, that there 
may be futficient for maintaining a regular defence, when 
the belleger has brought up the neceffar}' artillery for pulh- 
ing his attacks with vigour. 

CHAP. viir. 

Of Counter-approaches. 



177. V>i' 



77. V>iOUNTER-approaches are thofe works which 
the gnrrifon throw up either previous to or during a fiege 
at diiicrent diilanccs from the place, to enfilade and take in 
revej fe the trenches and firrt bat;eries of tlic befieger ; hence, 
by a judicious difpoHtion, he iviay bo rDineiimcs compelled 
to convert into a blockade, a ficge l^gun with regular ap- 
proaches, and in the mod vigorous manner. It fhould there- 
fore .be ellablifl^ed as a maxim, to mah counter-approachis 
ivhntvcr it can be (Une to advantage. They may cither 
form a part of a predigeOed plan, or may be adopted on the 
occailon from fome fudden and unexpected circumllancc that 
arifes during the fiege. 

That the nature of counter-approaches may *)C pcrfcflly 
underilood, here follow fume of the principal cafes in which 
they can occur. 

178. When a fortrefs with a numerous purifon !i only 
attackable on one or two fronts, and the j^round before them 
is commanded from fome p'.iints within reach of the sar* 
rifon, and fecured from attack, being partly ftirroundrd by 
a navi.^able river, ravine, pr^cipic, or mor^iff ; (»r brfftre 
^hich the enemy ^^ill be under a iicc'-frityol ''prnmu trrmliffi 
before he c«in advance towards the place iiicl^ a (otitii«r« 

i 
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•ludc tt ihcn prc^c<5ie^. The works to bet-reCicd in th'a 
cafe previous 10 a lirgc are fortb and rMloubrs, far enough 
idvancfd in Ircnt ot itic place to enable them tn ciiUitde 
and take in reveilc the parallds aiul 1]ti\ b^iltcrks of ttio 
llcJKger: if ex}>u|cd to aiiack, ihcir r.iitipaiis arc maile of 
the lame thu-'^ncis as ptrmaiKnt fori ili*.ai ions v,i:li good 
profiler -, and coveted cummuniciiions witli rciloubtt ai (iro- 
pcr dillaiKM thrown up between them and the forttefi, to 
cover theni from any attempt* of the enemy. They arc 
plaQtetl wtili heavy eaniion a:id mortars, whli a propotuon 
of lloces 3d<;i)U)te to liicir l^rcngih and importancr. 

tu)ineliaics from the natutc of the ground, a pjrt of the 
fofiicU itfelr vfr.I fervc at a counter-approach : in this cafe, 
the ulticcr oi jiiillery ihould inlcri in his plan of defence 
Ihc nceelliry number of (jvins, moriirii, and (lores, for car- 
rying on the loiinrer- approach with vigour, independent of dit 
proportion far the a^^ual dfffcnce of tiie place. 

179. When in yic vKHtiiy of a pljcc lituaicd on a nsvi- 
gible rivLT, or on ihe rca-ci>a>% Into v^'iich fuccours can be 
occaliunail) introduc:cd ; there t>c any poiuis that ca^mand 
the ground where the lien'-ier muil upcn his trencKn, ihey 
jhotud be Aiongly ^ftilii:d, and amply fupplled wiih art^lery 
snd (lorek ; finte the navigation being opi-n, frelh fuppUet 
can be at any time ihiown i». 

180. A fortrels is loniciimes protee'ltd by an intrenched 
Camp, that fcrves to keep the commuoicaiion open with 
the country whence it d..iA» its fupplics ; Itrong works Ihoiild 
be thrown up to fccmc any commanding pdSfits in the vici- 
nity : the ncccllary qu^niiiy of artillery and (lores for thia 
counter-approach may be afccrijined wiih fufficieiit accuracy, 
by knowmg ibe extent ;ind nature of the ground where the 
bcfieger mull open trtnclies, and ereit liis batteries j and 
any additional fupply may be afterwards introduced under 
favour of the intrenched c^imp. 

tSi. It often happens that an enemy in laying down 
before a fortrefs opens his attack againft the flrongeft front i 
in this cafe, if the garrifon be numerous, and the fituation 
favourable ; that is to fay, if the ground, on wliich the works 
of a counter-approach can be conflrudled, be inattackable, or 
covered by the fire of the place, they fhould be indanily 
executed, and planted with the artillery deligned for the 
barbette- batteries, and the other parts at a diHance from the 
ftOM Of Uk anacik As the inicodu^on of fuccours is not 
fuppofcd 
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fuppofed practicable, the fire (hould be directed agalnft the 
batteries that molt annoy the garrifon ; according to the inva- 
mble maxim of protra6fing the fur render as long as.pofpJble^ 
by employing everj thing in the moj! advantageous manner. 

182. An army or a confiderable corps of troops having 
been wdrfted in adion, has frequently taken refugq in a 
large fortified town, where was a depot of heavy artillery i 
Ihd to W'lich the vidtoriuus army has lain ficge. When 
this happens, every (Irong pod in the vicinity that may ferve 
to keep the enemy at a diliance from the place, and reduce 
him tu the neccfnty of a blockade, (hould be occupied by ftrong 
detachments, anl fortified : when the adjacent country is fo 
£ivourable to the conqueror, that he can inftantly break 
ground and carry on his approaches in form, the ^trpops ii^ 
the town (hould endeavour to form counter- apprqaches % 
this being the mod effcciuul method of rendering the enemy's 
enterprizes abortive ; or at lead of embarrafling his opera* 
tions, and lengthening tr e defence. 

Counter-approaches cannot be made in low flat (ituationiv^ 
except under cover of an impaflable morafs or river : in this 
cafe, a trench 25 feet wide (hould be made to coone£t the 
place and the morafs or the bank of the river, and the front 
covered by the body of the place or fome advanced work : 
in the rear of the trench may be ereded the batteries for 
enfilading and taking in reverfe the enemy's approaches ; and 
fome advanced redoubts may, if nece(rary, be thrown up at 
proper dUtances to fecure the communications. The works 
of the counter-approach (hould be fo combined with each other 
and the works of the fortrefs, that the enemy in advancing 
to attack them, may be taken in front and flank, whatever be 
the difpofition or order of the attack. 

It is the province of the engineers to projefl the counter- 
approaches ; the duty of the artillery o&Qtv being only 
to fumi(h them with proper ftores and defend them : it is 
unneceflfary therefore to enter farther into the principles of 
their conftru&ion. 
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THIRD PART. 



Of the SEEVtcE or Artjllerv in the Field. 

1S3. A H K two former parts of iliis work were confined 
lo the [iTv'ice of aritllery in the attack and defence of places ; 
but the prefent objedi being the fervice ot attilJery in the Seid. 
and nothing hai ing hitherto been advanced on this part of 
the art of war, it is necelTary tn give a general idea of tac- 
tics ; in order to explain the principles on which the ftveral 
fpccics of troops operate, and the various combioauons that 
may be made according to the particular exigency, 

1^4. The fyllcm 01 a campaign between two annks la 
called effetifivt, when one of them fceks aii oppoftunny of 
forcing the other to atElion ; or of obliging him 10 nme and 
abandgn the iroiiniry he is niader ot : if both armies ftudi- 
oudy avoid an engagement, yet fecrctly watch for an op- 
portunity of attacking the advcrfary to advantage, this is 
called a war bttvittt: equal ferm : and, an army is faid to be 
on lit dcftnfivr, wlien from inferiority of numbers, or fome 
other caufe, the general (heltcrs himfelf in flnong ports, co- 
vers himfcif with lines and fortifications, or retires till he 
gains a camp almon impregnable; under favour of which 
he keeps the enemy at bay, or at leaft, checks for a time the 
rapidity of his conqutfis. 

185. Whatever bs the fyftem of the war, it ah»ays bc- 
iioves the general to take fuch fteps previous to the openiitg 
of the campaign, as may infure, as far as deptnds on human 
forefiglit, a fuccefsful'iiTtie. 

The tirft point is to have the army properly cimpofid: 
to this end, it is rcquifite to have a clear and accurate idea 
of the peculiar properties and fervicc of each of the three 
fpecies of troops, that conflitutc the military force of mo- 
dem days ; viz. infantry, cavalry, and artillery. In the 
i^nex: p!«e, the nature of the country that is to be the theatre 

of 
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of war, and the propofed fyftem of operations (hould be con- 
fidered : fince the army ought according to the nature of 
the country to be compofed either of infantry folely ; or 
of infantry and artillery ; or of infantry, cavalry, and artillery. 
The proportion of each fpecies of troops varies alfo, accord- 
ingly as the country is level or mountainous ; interfedied 
by rivers, ravines, and moraffes ; or coVcred with woods : 
the number and quality of the enemy's troops is likiewi($ 
smother point efiential to be afcertained. 



CHAP. I. 

Of the several Species of Troops that 

COMPOSE AN Army. 

186. Universal experience proves that the fuc- 
cefs of an army depends on its compofition, and the man- 
ner in which its nfarches and difpofitions in the day of 
a£b'oQ are regulated. 

There are certain judicious combinations founded, in the 
opinion of the be/l military writers, on the different fervices 
of the feveral fpecies of troops, and on the manner in which 
each can a(5l ; relatively to the nature of the country and 
the method in which the foldier is armed. 

187. The mufquet with the bayor>etis an arm which 
the foot- foldier carries with eafe : with it he can march 
thfX)ugh narrow paths, and over mountainous and difficult 
roads; and a bridge of flight conftradion fcrves for his 
paffiige over rivers, canals, or broad ditches. 

In common marches that continue about 6 hours, a foldier 
walks with a free and natural Aep 2 y miles in an hour ; 
a regiment therefore when the roads are tolerably good, 
imrches 14 miles in 6 hours. Within reach of the enemy, 
the pace is regular, but quicker or flower, according to cir- 
cumflances : in the flow movement, calculating each ftep 
at 24 inches, and 60 flcps in a minute, a regiment of in- 
fantry pailes'over 40 yards in a minute : and when it moves 
with an accelerated pace, it pafles over twice this fpace or 
80 yards in a minute. 

188. From the conflitution of infantry, the fmall fpace 
Ihat each foldier takes up, and the arm he carries, this fpe- 
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ei« of iroopB is well adapted to offenfive or defeniive ope* 
nt'ions in all kinds of countti^s : fince tliey c^iti 6ght in line 
hr column ; haliitip or marching ; firing with ball when »t a 
diitniire from, or charging with bavonct when clofc to the 
enemy. 

The intention of fire-arms bein" to annoy the enemy at 
t diflance, the foot-foldicr (houid above all things be taugjit 
lo load his mufquet properly ; and level and direfl it well 
tgainO the objeft: platoon firing by word of command 
from the officers is never fa didru^ive as when each foldicr 
lakes his objeft feparalcly : ihij is called paHifodoe firing, 
when the mufijuet rclU upon any thing. 

Infantry having occaCon for very few carriages, are eaGIy 
fubfiHed in countries where forage is fcarce. 

189. Cavalry are highly ufeful in tnarchcs and engage- 
ments, when the country is fuiEcienily level and open, to 
give them roam to perform their feveral evolutions. The 
*ateof marching of a regimentof cavalry for 6 hours is cafcu- 
latcd at 1 7 miles ; but in cafe of necelTity, it may be extended 
to J.I or even 38 miles. Wherefore from ihe celerity of 
their movements, they are excellent for making incur^ons 
into an enemy's country ; fupporting a distant poft, or corps 
«f troops i cutting off detachments, convoys, or foraging 
parties that imagine ihemfelves in fecuviiy ; and purfuin- 
an enemy when routed and retiring in diforder. The fabrc, 
carabine, and piftol, are the arms carried by the cavalry. Is 
a^ion their great advantage confifts in the celerity of their 
■movements, and the impctuofiiy of their charge, fword irt 
hand. The velocity of the latter is ertimated at four times 
■the velocity of infantry, or from 3 to 400 yards in a minute ; 
but this exeriion can laft but a very tew minutes. Wheo 
an army is drawn up in order of baiilc, the cavalry is poded 
on the flanks to cover the infantry, and be ready to charge 
the flank of the enemy's army. 

I'he lire of cavalty, from its great uncertainty, and tht 
difficulty of re-loading on horfeback, is but little conGdercd 
in aflion ; it is fcrviceable on guard. In prote£ling their 
quarters, fkirmifhing, and incrcaCng the diibrder and con- 
^ufion among the enemy's cavalry, when broken by a charge, 
■The country, in whicli a large body of cavalry is to be fub- 
iiflcd for a long time, muft abound iit forage. 
- 190. Dragoons are a fpecies of troops that adt oCcaGonally^ 
-as infantry or cavalry : in open and level countries tb^ 
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perform the duty of cavalry, and in firong and indokd 
countries, difmount and 2 A as infantry : wherefore inflead 
Qt a carabine, the dragoon is furni(hed with a mufquet. 

191. On confidering the peculiar properties of xnfantrj. 
and cavalry, it is evident that whenever theie two fpccics 
of troops engage each other, the fafeft aoethod for th^ in« 
fantry is to a<5t on the defenfive, endeavouring to pre%eiit 
the cavalry from furrounding them and charging their rear : 
^ey (houJd therefore take pcflefTion of fonie tituation hat 
is naturally (irong, or may be ealily made fo. But if no- 
thing like a bread- «^ork can be found, the) fliculd form ia 
the beft manner for keq>ing the enemy at a di/lance by a briilc 
fire, in order to enable them to execute the marioeiivrcs beft 
calculated for fecuring their retreat, fn (hcrt, the dlfpofitions 
of infantry confiil in their order of march, and in regulations 
for keeping up a heavy fire in time of action. 

Cavalry will have a great advantage over infantry when 
the latter are pofted on a plain, ur.d expofed to be charged 
the indant they have given their fire, cr bc^in to he in move' 
ment ; or when thev are drawn u:> in fucb a manne*', that 
they cannot well fudain the (heck o: a tha.ge, 2s three deep. 

192. Under the name of ficW-ar illcry ire c<. in pre tended 
the royal regiment of ani.Icry, the gur:t aI h rh-r arnrrtu- 
nition, horfes for drawinq: them, ar.d dr:vcr* for raking care 
of the horfes. Hence, from the nu i»her of carriarei, aniU 
lery cannot fubfift long in a country where forage u kr^rce^ 
The roads for artillery ought to be wide and gocd, and the 
bridges ftronger than either for infanery or cavalry -, then^ 
the common rate of marching artil'ery is from 14 to 17 
mHes a day, and with the fame expedition as inranrry. 

When guns are polled in the front line of an ar rny that 
Is advancing to the attack, the ground fhould be it^el arki 
open, that they may prcferve the p^.fts afTigrxd to them in 
the intervals of the troops: in inclofed countries, h^y (hrMld 
be preceded by a number of pioneers and carperiferf for 
filling up ditches, making bndges, curting down tcfigt$^ 
and opening roads : yet fometimcs in f^^ie of every excrry^n^ 
they cannot reach their deflinatlon, 'and are firerjuer»tfy mMch 
embarrafled to keep their proper rtationt. Hence it r'^fultf, 
ibat artilUrj cannot aiways take the fame route at infantry^ 
per acc$mpany them on every expedition. 

When the army hahs with an intention of givirj battle. 
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pr rtmaln* in a fixed port, the giins are drawn up ar ih** 
dillancc of 8 or 10 pacts from each otKer. 

103. To leiFcn the difficulties thit anfc fiom llicbadncf* 
of (he roads or the unevcnncfs of the country in ofTcnfive 
opcniions, the jiurit fhould be made lighter ; but not in 
fiicli a degree, i« render iht-ir ci\'eii% uncertain. The g and 
4 prx. dcfcribed in ihc preceding iicatifc char^trd with f of 
the weight of the (hot are more manageable llian ihofe of tlic 
common length j and are fufficicntly reinforced 10 icfirt the 
exptofion, and projcfl ihe fhot with the roquifitc force for kil- 
ling men and hurfe*. In a u'urd, piccc:^ of this kind wil) 
be fully adequjtc to every purpofc of firing round or cafe- 
jhoi ; if regard be paid to the duiancc and difpolittans of (he 
enemy. 

194. A round (hot, fired againO a body of troops drawn 
up in order for battle, can deiiroy but one file of three or 
faur men, whatever be its diameter or velocity. But, if 
tired To as to cnlibde the fame body of men, or agarnO a 
iolumn, it will do cxeco'ion till its force be entirely fpcm : 
its cfftits are then in proportion to its diameter and velocity. 
For it was proved in the Treatife on ProjeiSiiot that the 
tfftSts of fhot are in a ratio compounded of their djametcr 
and the fquare of the velocity with which they impinge; and 
in the preceding 'teaiife, ii was dcmonllratcd that the initial 
vclocilie? of 8 and 4 lb. Ihnt being ctiiial, their effei^ when 
fired againfl a body of men near to them, are in the ratio 
of their diameters, or as 5:4; but in long ranges, the rcfift- 
tance of the air being greater to fhot of fmall than to thofe 
of larger diameter {Treatife on Powder); the remaining 
velocity of a 4 pr. will be lefs than that of an 8 pr. and its 
elTcfts as I : 4. Each man may be Aruck in front or flank, 
in the moll folid or Lall refiOing parts of the body ; it is 
impoSible therefore to afcerrain the axad number ot men, 
that one fhoi will kill or maim : the only point that can be 
afcenamed is, th.it a 4 lb. fhot difchai^ed from a light 4 pr. 
with 1} lb of powder and well wadded, flriking a column 
of infantry in the Icafl adviniagcous circumftances cannot 
deftroy more than 30 men j but under the moft advanta« 
geous circumdanres may kill or wound more than 60. 

195. lu action, cafe-lhot is tired from 8 and 4 prs. when 
the enemy is at a d:ihnce of about 170 yards, and drawif 
up with fuc'i an extended fronr that it will do more execu- 
iltta than round fhot. The number of men diiabled by on^ 

catfe-« 
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cafe Tnot compofed of 60 fmall balls prcjtcicd from a 4 pr. 
within [.'roper diliance againft an extended trcnt^ wiii far ex« 
ceeJ wiiat \^ill be killed or wounded by a round ihc#t of the 
fame diam.ter. 

1 96. Quiwk firing is of very eilential lervice, cither when 
the enemv's difpofirion can be entiladcd bv round fhot or 
expofed in front to cafe- (hot : fur the fake of expeditiqp ia 
loading, the powdtr is inclofei in flinnd cartridges; which 
prevents the accidents that might oti;e:v\ifc happen, as the 
flannel leaves nothing burning in the gun. 

In general, at the btginning of an engagement tlie enemy's 
army is at a great didance, and prefents but a fmaii treat ; 
in this (ituation, from the great care requifite in iojding and 
laying the {^uns, fome tuiriutes elapfe between every two 
rounds. If the enemy's front he very extended or he is 
advancing, the guns need not be laid with fo much accu« 
racy, and the wrads may be difpcnl'ed with ; which will tend 
to accelerate the firing. At le.igth when the armies are very 
near each otheir, it is no longer neceOary to lay the gun each 
time, the cafe- fhot is fixed to fliinnel cartridges, the ufual 
method of ramming the charge is difcontinued, and the 
guns are primed with tin tubes : tliC artiiiery in this cafe fire 
fafler than the infantry can do, and the gun is loaded in 
three motions. 

1. The cafe-fhot fixed to a flannel cartridge is put into 
the gun. 

2. It is pufhed to the bottom of the cylinder with one 
firokeof the rammer. 

3. The rammtr is drawn out, and at the fame inflant 
the tin tube is introduced into the ven:. The gun, when 
heated, may be cooled witii a wetfpunge, 

197. Di^erent fyrtems of artillery have been from time to 
time devifed with a. view of firing quicker in adtion : from 
an impartial comparifon of thefe feveral fyflems with the 4 
and 8 prs. in quellion, it might be afcertained how far the 
adoption of any of them would be really advantageous. 

198. The difiances at which artillery and infiintry may 
engage, may be reduced to three ; and the advantage of each 
%fm is relative to the difiance. 

1. The diflance may exceed the range of a muf^ 
^uet; or 

2. It may be from 200 to 260 yards, 
^. It may be kfs than 170 yards^ 

Y 4 la 



344 SERVICE or artillbry 

In the firfl cafe, it is clear that ihe whale advantage lia 
on tlie fide of the artillery ; more cfpccully wlicn ihe enemy 
Cin b«tJken in Sank. 

iqg. but in the fecond cafe, the fuperioiity refts with the- 
inquiry when dra< ii up three or four deep ; Ttiicc each gun 
Uexpoted to ilie lire ot fen files, or 30 or 40 nriul'tiucis, which 
tnay makt great havock among the aftillcry-mcn ; while the 
utmoft execution that a gun can do, is to carry off one file 
It each difchargc : the fire of the infantry may be alfo better 
direfted, anil quicker than that of the artillery from the ne- 
CtfFity of laying the gun every time to cnfure execution : 
moreover, the inliantry always continue firing in proportion 
to the number of men that remain, whatever iofs they may 
have fuHjined; whereas the fire of artillery decreafes in a 
Itiuch greater ratio ; thus, if halt of the gunners be difablcd, 
the fire dimt(hc;s in a quadruple or even greater proportion. 
Hcn« if a body of infantry be drawn up ^ deep at 200 or 
4+0 yards from a field-battery, or be ported behind fimces 
or walls, whence they can keep up the paliifailoe firing, the 
aMillcry will be more galled and fooner difablcd than by op- 
pofing gun 10 gun. The idea which the greater part of military 
itien have without due refleflion adopted, of the vail fuperiorlty 
rf artillery has notn little contributed to increafc its effe^b ; 
even veteran troops have under the influence oftbis terror been 
incapable of improving the advantages they had obtained; 
and new levies have been known (hamcfully 10 turn their 
Backs at the very report of the guns and whilllmg of the Ihot : 
for when (hot are not perfeilly fphcrical or arc full of cavities 
they make a hiirmg noife in 'he air, that rtrikes a panic into 
nw or undeady troops ; and the horfes and drivers can with 
great difficulty be prevented from running away. 

200. In the third cafe (iqS) the artillery has evidently 
the advantage ; for they can fire faiter than the infantry, and 
each gun projefls at every difcharge a greater number of balls 
than the ten files oppofed to it ( 196). 

When the infantry unable to bear any longer the gilling- 
Of the cafe-fhot, ceafe firing, and advance to the charge { 
the anillery Ihoutd profit of "their error and fire as taft 
as polTible, putting over the cafe two or three round fhot if 
tiiC cmmy be drawn up very deep. In doing this there is no 
rcafun 10 be afraid of burllmg the guns conAruaedoD, the 
principles laid down in tne preceding treatife. 
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To g^ve an idea of the advantage that the artillerv has ia 
this cafe ; let us fuppofe the enemy to advance in quick time 
or at the rate of 80 yds. in a minute; the guns will eaiily 
(196) make three difcharges in a minute without beictg an* 
nciyed by the enemy, whofe firing has ceafed ; fo that while 
the infantry is marching the distance of 1 70 yds. to attack 
the cannon, they will be expofcd to fix rounds of cafe- (hot 
firom each gun, which will be more deftni^ve the nearer 
they approach. 

201. Artillery when oppofed to cavalry, and covered in 
front by a broad and deep ditch, and fecured in the rear hf 
chevaux-de-frize, &c. has er^atly the advantage; but when 
firom the nature of the ground ihey are entirely expofcd, the 
flanks and rear (hould be covered by detachments of infiantry 
or in fome other manner. Each gun (hould be fired twice in 
half a minute, being the tiqtie that cavalry takes to gallop 
at full fpeed over a fpace of 170 yards, which is the greaceft 
velocity that cavalry can charge with. 

Guiis of the largeA calibre (hould be oppofed to cavalr}', at 
they projed a greater number of fmali balls, and with round 
(hot do more execution in enfilading (194). 

202. Thefe feveral fpecies of troops compofe the bulk of 
armies ; and from their folidity and mutual fupport when 
properly combined together, are deilined for all great mihiary 
operations. 

There are other troops, which differ mujh from the 
former in their fervice and method of lighting : tliey are 
diflinguifhed into light-infantr)' and r>ght-cavalry, and aic de* 
figned to ad by detachment ; for fecuring the tranqu> ity of 
the camp ; covering convoys ; beating up the enemy's quar* 
tcrs ; and harrafling them on marches. On them devolve 
all the more minute duties ; but as they are never accom- 
panied by artillery, it is needlefs to examine their conHitu- 
tion more particularly. 7 he necclTity of being acquainted 
with the method in which the feveral fpecies of troops that 
compofe armies can ad, and be combined together on marches 
and in ac:ion, according to the nature of the ground and the 
difpolition of the enemy, will from the perufal of this chapter 
be obvious to every ofiicer. 
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CHAP. II. 

RirLECTlON) ON THE CoMFOllTIOH OW AK AkMT. 

%o^. X O compofc an »Tmy judiciouily, ihc nanre of 
the country, tlic quality of ihc trc»ps, the number of the 
flncmy's force\, wiH the |ihi\ uf tlic cinipaigii mud be prcvi- 
oully confidercd. A ^etieni, mjUcrof thcfcpolnts, ma> mak« 
the mud atlvaiitug<:oui> and malicrly arnngemciut : mIictcw, 
an crmy futmcd wtiliituc aneiition tu rhit gcneial maxim, will 
kbour utdor iiianiiold ilc'idvaaUgei ; inA probably m the 
«vcni r<3p nuthiiig buc difgraceatid defeat, or, al moO, bui 
jivtial Cu ccTk, 

aoA. Tlie fiHl rttiuifiie in the farmaiion of an army is, 
lUlt If bf qu'ui and rJtid in Us ine^mtntt, and Juhjf/lid 
mlht^l ii^tvttj: wherctoie // JhetiU U limited m latmbtr^ 
WtJItiiltii tn fuantity ef i"ggagf, and/rtt /'ram tvtry KHfrr- 
ifjlrrj imumlrgn^e . The iiiovemeiiiji of very lar^e irmiet 
§rc (o flow and ihcir Riarchet to (hort, that their number by 
' (6 means contpenfates tor ihe heavy additional txpcncc; 
lefide, from the didiculiy of providing fuch numerous bo- 
dies of troops with forai^a and provifions, a general is fre- 
jj, ......'.. (.■■i:,..-,i ; T.h-.'.lTi i-.-j''n- provinces, ar J r^ move inio 

an opi-n country \viil;in rtaeli of fome navigable river, by 
which ihe means oi fublifiance may be facilitated. When 
(he tlieatrc of the war is In a very lirong country, a fbilful 
general will turn this circumllance to advantage, and regu-. 
htc llie number of his troops accordingly. We find in 
hillory numberkfs examples of celebrated captains, who with 
t'mail armies have by a judicious choice of pofls and encamp- 
ments, made head 3g;iinli an enemy greatly (ugcrior ia 
(lumber ; and <n the event, by a fcries of rapid and mafterly 
manoiuvrcs reduced him to the greaieft Draits. 

hy conllani liabits cf furveying ground in a military point 
pf view, and fpppofing the various cafes that may occur oij 
fcrvice, offieers may acquire a quicknefs in difceming thf 
advama^es and difadvaniages of pofts ; which has ever been 
cnecmcd among the Urtt qualities of an able general. 

305. Aftir determining the number of troops of which 
the ami is 'O confift, the p?*t f oim is iq »((^ift^ the pro, 

potion 
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{)drtion of each fpecies of troops ; taking care to diftinguifh 
thofe deftined for the grand operations of war, from thofe 
that arc to carry on the petite guerre : for if the hght troops 
be too few in number, the Arength of the army indead of 
being preferved entirely for great occafions, will be exhaufted 
by the daily fatigues they muft undergo : on the contrary^ 
too numerous a corps of light troops militates againft the 
maxim laid down in the laft paragraph. 

206. When the thearre of war lies in a very moun* 
tainous country, the army IhoUld con(i(^ folely of infantry; 
to whom may be attached fome 4 prs. to be placed ini 
fortified pofts, when fuch points of fupport are neceflary 
in a defenfive fyftem. But no artillery fhould accompany atl 
army that is to a«St offenfively in a jnountainous country, 
unlefs it be to occupy an intrenched port m order to cover 
the operations of the troops ; to attack a ()rong intrench- 
nient to which it is pradticable to bring up cannon ; or take 
advantage of fome commanding eminences to diflodge the 
enemy. 

207. In flat countries interfered by rivers, canals, ditches, 
hedges, defiles, &c. the army fliouid be compofed of in- 
fantry, dragoons and artillery; tlie train of artillery confifting 
of a few 4 prs. 

In open champaign countries, the train of artillery may be 
moine numerous and confift of pieces of larger calibre : the 
principal firength of this army (hould lie in its cavalry ; fince 
by their means the general will be mafter of the country and 
oblige the enemy to keep clofe to his camp, or cover his 
convoys and foragers with large detachments ; which will 
greatly harrafs and weaken his^rmy. 

208. The proportion between the infantry and cavalry 
depends alfo on the nature of the country. In flat exten* 
five countries, the cavalry including the light-cavalry may be 
eftimated at \ of the whole army ; this number diminifhes 
fucceflively to 4» t» i'o >" proportion as the country becomes 
ftrongcr; till at length cavalry is totally excludea an^ their 
place fupplied by dragoons; who may amount to '^ trf ,V 
of the army, when the country though level is very ftrong 

(207). 

209. The number and quality of the troops being thus 
determined, they are formt-d into what is called an order of 
kmtU. The fiiA Ime confifts of at Icart half of the bitta- 

Uons 
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Uons and fqiKi>)nm« : ihe remainder arcdifpored in the Iccond 
liiut and tlicrc is frequently a corps de rcfervc or third line, 
bul kfs nutncrous ihan either of the others. Each line it 
liibdivided into hrigidcs ; the brigades of infantry confiding of 
J or 6 battalian*, and (hofe of cavalry of 8 or 1 2 fquadron* : 
esch brig»()c is commanded by a major general and a briga- 
4ier; and every two or three brigades arc under the orders 
of a lieutenant general. The tight t.oops form a fcparate 
coqt) under the command of a general or field officer, whofc 
fjuik is in proportion to the flrcngth of the corps. Tha 
chlwf command of the army is given lo a captain general 1 
who has under him a general oi cavalry, when that body U 
tmmcrous. 

CHAP. HI. 
Of the FiEiB Traim of AftTiti-tRy. 

! llo> JL he number and calibre of guns for compoGng 
t train of artillery to accompany an army in the field, is 
dctennined by the niturc of the country, thcfyftcm of opera- 
tions, andihc number of the troops-, in order that the artillery 
may augment the rdfources and fupport the difpofnions of 
the commantler in chief, without caufing the leaft delay at 
cmbarralTment. 

111. When the fcene of operations lies in an open cham- 
paign country, the train of artillery is the largcft (106] : i^ 
has for a feries of years been culloinaiy to reckon one gun 
for every thoufand men ; thcfe pieces are worked by the royal 
regiment of artillery. 

But during the war that commenced in Gerhakv in 
1740, field-pieces were attached to each regiment of infantry: 
they were ferved by them and comprized in the flares of the 
regiment. As I'everal other nations have adopted this maxim, 
it ^m be for our intereft to add to the ftrength of our in- 
fantry by purfuing the fame plan, if ever we have occafiot^ 
io ait apainft any of them in a champaign country ; not- 
withHanding the expence and trouble that fucb i quantity of 
■snillery muftoccafion. 

In flat but very ftrong countries, where the obie^is npj 
la t^ng on a general i^on^ but by inarching mi manesa- 

trcing 
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vreing to occupy advantageous pofts ; the principal point to 
be confidercd is celerity of movement (204) : wherefore^ 
the army (hould be difincumbered of the battalion guns^^ 
the train of artillery diminiftied, and the nature of the giins 
adapted to the ufe for which they are principally defignedf 
and to the condition of the roads and bridges ; that tliey 
may never retard the march of the troops: in hilly countriet^ 
their number (hould be farther dimifhed. 

In mountainous countries, the ufe of artillery (hould be 
entirely fuppre(red, unlefs fome poft of importance is to be 
occupied. From a defire of carrying cannon with troops 
that are to z& among mountains, fmall guns weighing fi;o0El 
I to 2 cwt. have been invented, and are tranfported on the 
backs of mules ; but the advantages reaped from them are 
inadequate to the expence and trouble attending them. 

212. For the fake of laying down fome rule for forming 
field trains ; let us fuppofe an army of forty battalions and 
as many fquadrons, making in the whole ^o,ooo men» 
a£(ing in a flat open country, with an intention of feizing 
every favourable opportunity of coming to adHon. In this 
cafe, befide the 4 pr. battalion guns ferved by the infantry^ 
diere ought to be twenty-five 8 prs. weighing frpm 9 to 10 
cwt. each; four 16 prs. weighing from 17 to )8cwt. ^ and 
four howitzers ; with a proportion of ammunition, from 00 
to 120 rounds a gun (one third of which (hould be caie« 
fi)it); carried in tumbrils ; with a certain number of waggons 
for the mufquet cartridges and flints ; to this mufl be added 
a proportion of intrenching, black -fmiths and carpenters 
tools. That the fervice may be carried on with regularity and 
difpatch, draught horfcs (hould be purchafed, drivers inlifled 
(1; and formed into a corps under officers and non-commif* 
tioned officers : the number of horfes is regulated by the 
quantity of ammunition, &c. never allowing more than 
5J cwt. to each pair of horfes befide the weight of the car- 
riage i that they may not be worn out before the end of the 
champaign. 1 he guns arc dillributed into brigades of 5 or 
6 pieces each, to be employed togettier or feparately, as oc- 
.cadon may require, with a detachment of artillery-men to 
ferve tliem. 

Let the twenty-five 8 prs. be divided into five brigades s 
the howitzers and 16 prs. will form the fixth or park bri- 
gade ; which is rcferved for cannonading works that cover 
,brigadeS| and (Irong polls of all kinds ; and for firing againd 

cavalry, 
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caviky, or oppoling verj- powerful attacks rf infantry : the 
pBTticuhr deflinaiion depends on tlie ground »iid difpofition* 
of ilieencinv. 

a 1 3. The following is a mum of horfn, Scz. for one 
brigade of 8 prt . 



Five 8 prs. mounted on rravelling caniagei, with"! 
limbers, fidc-arini, coins, andhand-lpikes, wilh^ 
4 horfeslo each — — J 

Two fpare cirriagc*, with limbcra, carrying 4. fpare{ 
wheels, 4 fparc axfc-trees> 4 fets of fide-arms .... J 

Seven tumbrils carrying 500 rounds for the abore) 
guns ■ 1 

One ligtii waggon wiih intrenching tools, &c, for? 
repairing roads and bndgcs J 

One travefliiie force complete — 

One waggon carrying 4{ cwt. of iron-work for gun 
carriages, 2 cwt, of ipsn rope, 1 c«t, of greafc, 
carpenters tools, lanterns and 1 cwt. of candles 

Six powder waggons carrying 60000 mufquct car- 
tridges, jTOOO flints for mufquets, 2000 flints 
for pil>olsi ji cwt. of powder, 5^ cwt. of maf- 
^uel and prliol ball, artd 10 reams of cartridge 

V^?^* 

Two w.(ffgons carrying oats for thchorfes witli fpare 
harnefc - -. 

Horfes for one officer, two non-com in illioncd offi- 
cers and a Lrrier -- « ...- 



//../,.. 



Number of horfes for one brigade 84. 

EeCde the above, two country carts drawn by two pairs of 
oxen for carrying more intrenching tools, and theofficert 
baggage belonging to the brigade. 

When the brigade confiils of 4 prs. two horfes are allotted 
for each gun, and four tumbrils for the ammunition ; the 
Tell as above. Should the army move to a diRance from the 
arfenals or fortified towns, a l^rge depot of ammumtion both 
for infanti^ and artillery ought to. be brought forward and 
lodged in fame caftle or walled town under the care of a de- 
tachment of infantry, 

?i4. Th; 
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' ftt+. The detachment of artillery for the fcrvjce of each 
brigade confids of a captain and two or three fubalterns ; fix 
or eight non-commiflioned officers ; ten cr twelve artificers i 
with eight or ten gunners to each gun, according to its ca- 
libre, and a conductor of (lores for taking care of the aiiimu*' 
nition, &c. All the brigades are comnianded by a field 
officer, who has under him an adjutant and two aiTiftants^ 
*The commiilary general of artillery detaches a commilTary, 
fo make the iflues and purchafes during the campaign* 
• 215. When a broad river runs through the country in 
which the army is to ad, a fufficient number of large boatt 
are provided for making bridges, and are left in the water till 
wanted. 

When there are feveral fmaljer rivers, a number of pon* 
toons accompany the army, carried on proper carriages, with 
baulks, cheiles, cordage and every thing requifite for con><^ 
ftrudting bridges : an officer of the artificer-company with 
a party of artificers has the charge of tliis duty. I'he num- 
ber of pontoons is regulated by the bridges there may be a 
tieceffity of making, and by the breadth of the rivers : ths 
common calculation is a pontoon for every 16 feet of breadth^ 
befide the two for the centre ; if the river be navigable* 
The condrudion of thcfe bridges has been already men* 
tioned (37). 

216. The following is a proportion of pontoons, &c. for 
•laying a bridge over a river 300 feet broad, ^ 

Pairs of 
Oxen. 

Twenty pontoons mounted on carriages 66 

Twenty-four c^iris carr)'ing 360 chcfies or planksl 
13 feet long, from 10 to 14 inches broad, and 2> 2+ 

inches thiek - J 

fifteen ditto, carrying 120 baulks from 16 to 18? 15 



feet long, and from 4 to 7 inches thick 
ght ditto, 10 anchors a 
6 capftans, artificers tools 

Number of pairs of oxen 1 07 



.Eight ditto, 10 anchors and cables, fhecr -lines,? 8 



• 



Inftead of pontoons, boats made of leather are fometimct 
carried in waggons folded up ; when wanted for ufe, they 
arc ftrctched out witli crofs pieces of wood, and 4 axle-trees 

li-xcd 
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(isod to the bottom fumilhcd with rmall wheels, that ihey 
may run into the water wuhuut bwig damaged ; upon them 
U laid a kind of Hage, and over that ili« bridge is con. 
dTuiAed. 

Ill mountainous coumrtcs, final' Ecather boat.t are carried 
OQ the bacl» of mulc» i each mule cacnci tMo. bridgesmade 
ot'thefe boaw will not fuppon a weight exceeding lo cwt. 

In bying bridj^ of all kinds, whenevei tlte river is lb 
fliallow (bat a heavy weiglit would (ink ihc boat till it toucti 
the bottom oF the river, ircliks fhould be lubllituied in theic 
Toom, for reafbns loo obvious to need mcnttoning. 



CHAP. IV. 
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117. X 1^ E troops that are to compore an army axe 

drawn out of tlior catiionineiiti and i^uiriers at the begin* 

Ding uf the iffji' or uf each campaign, and march to 

'^lavoB particular place where they etK^mp in order of battle 

ijog). As the pljce of rende^-vous is always at a diliance 
om the cneir.y, it is iullicieni it it be dry and aboundiug 
with woed, water, day, and ftraw : but ttic other camps 
that the armi m.ij occupy in the uurie oi" tlie campaign, 
independent ol thefe rcqititites, mult In other refpe^s cor- 
refpond ^> itii the views ot tiie g^iieial : the fini ol^ed i» the 
fccunty of the iroopsi iiherefcjic, 

1. 1'here Itiould be in the front of the cncimpment 
a fpot fpacious enough to diaw up the wjiolcanuyin 

- two lines, and to engage wiihuut being cmbamfletf 
by the ten's. 

2. The fr^nt and flanks fhould be covered by hoole), 
villages, rivulets, ditches, i:onds or ravines, which. the 
enemy cannot pafs in order of banle. 

3. Above all, the rear of the eticampment fbotild be 
Acured, and a fice communication eAabUlhed bctweeo 
the magazines. 

4,. Any villages, houfcs, or high-grounds nor'tbe 
campi Ihouid be occupied by Aroog deuduneots. 
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$. If the camp be intd-rcdod by otnali) ditcher, 

rivulets, or otlier obOacles fo a free communication 

between every part of it, bridges fhould be laid' and 

paflages opened, that the whole may eaiily move to liM 

1'up;)ort of any part that is attacked. 

218. In nothing 16 the ability of a general more cOdfpi* 
£uous than in the choice of his encampments ; ahd (tw 
circurafhnces have conduced more than this to gaining 
«be moft brilliant viSories ; but as the full dtfcuflion of this 
ioMreflin^ part of ta«Siics would be foreign to the purpofc^ 
our Dbrervavioi\s will be confined to a few points, 

(f ic. 10, PI. 6) The fixth plate rcprefents a common 
encampment of 40 battalions and 40 fquadrons ; A, the en- 
campment of the firft line ; B, that of the fecond, diftant 
from the firft 6 or 800 paces ; C, brigades of infiintry of 
live battalions each ; D, bngacics of camlry and dragoons 
of 10 fquadrons each ; £, the park of artillery ; F, head 
quarters ; G, the vjitage whence the camp takes its 
name; H, ground for the lirft line to draw up in order 
of battle, diftant from A at lead 600 paces ; I, ground for 
the fecond line to draw up in order of battle ; K, houfiss or 
tnrns occupied by the advanced guards of infiintry; L, 
advanced guards of cavalry, as polled during the day ; M* 
points to which tlie cavalry retires during the night to be 
covered by the infantry. 

As many paces are allowed for the front of each battaU 
lion as it contains tiles ; and an interval of at leaft 20 paces 
is left between every two battalions of the firft line, that 
thofe of the fecond line may, if neceflary, pafs through them 
and form at 1. 

As many paces as there are files in each fquadron and 
one half tnore are allowed for the front of each fquadron ; 
wiih«an interval between every two of at leaft half the front 
ef a iquadron, that thofe of the fecond Ime may pafs without 
jmerfuption, and form at I. This difpofition is nearly 
regular when the ground is level and open i but is deviated 
from» if fupertor advantages can be gained by a different 
poiition, or the (iifety of the camp better fecured. When 
one flank is covered by a ravine, river, lake or impaifable 
morafs ; and there is on the other a flat open piece of 
pognd, all the cavalry is encamped on this flank « 

tio. This modecf encampment has been generally prac« 
tUc^ (qk tUefc ^Q lad centuries i but in the defeafive iyflem,, 

Z Qthet 
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either mo^tt are adopted, fucli as the (Uj't and ihtixtendti 
cttnp. In (he dorecimp, the army U encamped in three 
idr four linn ; and with the anticnii, its form was iqnare ar 
fbflungular, with little difference between ihc lenglli of the 
fdei in open and level ground ; but the modeinv witluwt 
A^rd to the figure, attend only to the naiute of the 
pound, endeavouring elfcftuJly to fccurc fomc oi the fidci^ 
that they may be the bett-r able to oppofc the enem> u 
the vulnerable pointa. Sitcii pofilions are frequent in moun- 
tainous countries ; and ihofe are efteemcd the (Irongell, that 
are on a ridge between two valliea or river*, or on a nling 
ground with a river in the rear i fo that the enernv hOAcvet 
numerous, cannot furround the camp or cut on the fup. 

Elies. In ilie extended camp, the whole army is encamped 
I one line; when from fiiuation or circumAance* ilicy are 
tindcT no apptehenfion of being attacked, and wilh to pre- 
vent an enemy fmrn palling a broad river, or occupj a chain 
of ptills in the mountains to cover a country. 

220. 'I'he brigades of arriliery being prepared, at>d the 
captain coinmanding each having infpecln) it, and received 
his order of march ; they are poi in motion along the high 
roads, and join the army in one or more days journey, ac. 
tording to ihe diHance : when their route lica Ihrouglt t 
ruf)>c<lled country, they are efcorted by a compcient num- 
ber of infantry or cavalry, as the country it mote or le& 
level or mountainous. 

The commanding officer fends forward the quartcr-tn af- 
ter and camp-colour- men early in the morning to the village 
wlicrc he intends to hah, in order to prepare quarters and 
for.gc, and mark out a piece of ground for the park. 
When the brigades reach the army they are dnwn up in 
foar lines on the ground pointed out by the commandei 
in chief, with 6 or 8 paces between every two carriages, and 
\o ptces between every two lines ; that the horfts may bs 
hamefTed and the march rcfumcd without confufion : tht 
guns, light*waggons, and fpare-caniages in the firft line j 
the lumbrili in the fecond ; the ammunidon-wa^ons n 
the third) and Ihe wagons with the intrenching tools and 
the forge cart in the founh : the brigades are called afitt 
the captains that command them, and are drawn up accord- 
ing to Teniority ; the firf) brigade on the right, the leCOnd oft 
(he left of the firfl, and fo on fucccffivcly to the lafl, whictl 
;$ genenlly the park brigade. 

Id 
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lo front of the park and -about the centre, a quarter- 
guard is placed fuf&ciently numerous to furnifli centinels ; 
and two alarm guns are Rationed there, and kept unlimbered 
with a lighted match to give fignais for the army to get 
under arms. l>.e non-commiiiioned officers and foIdier$ 
tents are pitched on each flank of the park, at the diftance 
of 20 paces from it ; and 40 paces in the rear are pitched 
the officers marques in two lines. At fome diAance in the 
rear of the marquees, the horfes are picketed iatwo or mofC 
lines with the tents of the drivers, &c. on the flanks. 

2,21* The brigades being arrived, the commaiuling offi- 
cer makes his report to the commander in chief, and wai^ 
on him every day for orders ; and the adjutant goes every 
day at orderly time to take tlie detail of duty« When the 
camp is pitched the artificers examine the carriages, and 
the condudors of horfe infped the harnefs ; at the fame 
tjm^ the conductor^ of Aores examuic the tumbrils anfl 
_ ammunition waggons of their refpe£tive brigades, to fee if 
any thing has been -damaged or difplaced during the march. 
The officer on guard over the park (hould go his rounds 
two or three times during the night, and caufe them, to be 
j'q>eated by the ferjeant and corporal of the gu^rd : he (bou^l 
alio lake care that the cooking places are at a diAance firoqfi 
the park^ and all fires extinguiihed at fun-fet» aad even 
during tbe day if the wind blow hard. The next morn« 
- jng before the guard is relieved, each- conduiSior goes round 
his brigade attended by a noi-commiiTioned officer of the 
guard, to fee that nothmg has been Aolen or broken during 
(be night. 

222. When the park of artillery is placed between the 
fM and fecond line, it is fuppofed that there is no danger 
of being attacked: (Fig. 10, PI. 6} but when the vicinity 
of the enemy's army renders precaution neceAary, tlie bri* 
gades of artillery arc poAcd between the brigades of the firft 
line of infimtry, and on (ae flanks between the infantry and 
cavalry* Each brigade is then fubdivided: one part con- 
Ms o^ the guns, Ught waggons, fpare carriages, and tum- 
brils, with tlie offi^rs and greater part of the gunners ; the 
ooriages are drawn up in two lines in the intervals of the 
^rft line of infantry, with the mens tents on the flanks, the 
officers marquees in the rear, and the horfes and drivers 
behind them : when 100 paces are allowed for the front 
pf <ach brig^^dCi this difpofition is called the artillery draw*f 
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tip in oritr tf battle. The other part which includes thtf 
remainder ut ihc brigade under the care of a non-cotnmiJ- 
fionnJ officer wJih fomc gunners and the conductor, ire rta- ' 
ti^iued beiwten the two lines of the army, cr in the mcerrab 
of tiic fccond Jtnc: thole fubdivilions are frequently dnv(Q ' 
tip rogclhcr, ano go untler ihe gencml name oi the dcpoi; 
And itie<> an officer i« fcni lo command ihem. 

When the ground in front of the field of battle is loif^ 
jind there are ;iny puini» that command the lOsds by whidl 
the enemy mud advance *o the attack, fomc gunt nioiM 
be ported there fuppoitcd by piiit^s ot grenadiers, or otheC 
chofcn troops encamped un their flanks. 



C H A P. V. 

4M;fHBMAiicHop AN Akmy, ano oFTHeDrsPosiTioir ] 
f-' ' OF THU Train of Artillery. 

Saj. 1-J O N G and frequent marches fatigue troops and 
6Cca{ion ficknefs; wherefore no march fhould be made, 
Unlcfs fome real and efiential objecl is propofcd from it. Jj 
Previous to a movement, a general takes into one point of 
view the (j'sn of operations ; ihe nature cf the country the 
army is to pafs over -, :he time requiliie for performing the 
inarch; the enemy's force and diftsnce: and thence deter- 
mines in how many columns the armv ouglit to be difpol'ed, 
that the march may be eafy and expe(Iitiou>^, and the troops 
foon formed in order of battle, in cafe of an attack on the 
march J how each column (hould be compofed, and vrhich 
road it fhould iske. 

When there ure not roads enough for the feverjl columnJ» 
the cavalry cro!s the fields, and the infantry march on the 
roads i ihe columns of ^nihry on the broadefl and bell. 
The light troops are f(.-m forward early in the morning to 
reconnoitre the country ; and if ihe enemy be near, rhey 
MC fupported by a cunl)der,]ble body of troops: in theif 
- rear u.^rch the deischmeiit intended to guard the new en- 
.,ta((.jiiiiiir, Vvith the camp-colour-mcn that are to mark it 
out. Bat if the enemy be at a diftancc, the camp-co!ouP- 
Jinen alTc ..bit ai a ..ertain lime and place, and proceed with 
ihe camp-guaid, and the quarter-maftcr-general under the 
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orders of th^ general of the day, towards tlie new encamp* 
ment. On their arrival, the quarter- mader- general marlet 
out the camp, and the general of the day pofls the neiceflary 
guards. 

Each column has a front and rear guard ; the (farength of 
the 'detachment tliat covers the artillery and baggage is deter** 
fained by circumftances. 

a24. When the drummer* beat tbi gineral^ the quarter- 
limfter and camp-colour-men of the artillery repair to thc 
plaee gppoined for their aflembly, and accompany the other 
camp-colour-men to the new camp \ apd eveiy thing if 
prepared for the march. 

At the beating rf the generate the artillery-men (Irike their 
lents, pack their baggage, and harnefs and bridle the horfes ; 
lit the fecond fignal, or the ajfemhly^ the horfes are put to 
the carriage, and tiicy are all drawn up ready to march \ 
and at the third fignal, the wh« le move into the place 
iUCgned to them in the order of march. The brigadef 
march according to the feniority of their captains^ with the 
light waggoiis in front ; then the guns,^ the tutnbrils, the 
upmunition waggons, waggons with intrenching tools, and 
Uft of all the country waggons and forge ca^ts. Each cap* 
fain with the greater part of the gunners marches at the head 
pf his brigade ; a fubaltem with » fmall detachment in 
the rear ; and another detachment under a non-commiffioned 
pfficer pn the flanks near the ammunition, which if ajfo the 
ihtion of the condufior of (lores. The artillery column is 
preceded by fome pioneers taken by det:K:hment from the 
leveral brigades ; and fome artificers to mend holes in the 
fxwdst examine the bridges, repair them or lay down new 
ones, and open avenues into the park, in cafe the camp« 
^lotir«men have not had time to do it. When the brl« 
§ades reach the new encampment, they are drawn up af 
More. 

2^5. The fevcnth plate reprefents an army on its march 
in five columns from the encampment A towards B: (Fig. 
1 19 PI. 7) the centre column of anillcry C is preceded by a 
t>rigade of infantry D, and followed by a part of the bag- 
gage of the army : the jemainder of the baggage F forms 
fbe fourth column with two brigades of infantry in front | 
Jfi» the van-guards of each column ; I, the rear* guards ; K, 
Ite new ^npimpment and the camt). colour-men ; L, light 
troops detached in front to reconnoitre. When there is'any 

Z 3 apprehcnlioa 
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^prcbennon of being attacked on ttic march, a brigacTe ot 
artillery marches at the head of cai h column preceded by 
fhe van-guard of tlie caluinn. Accordingly -u, the ground 
cin ilie fiiuika.is upcn or llionj;> they are cuvered by colutnnii 
of infantry or cavalry. 

In a retrOKiadc m'avancnt towards Q., the cainp.eolour- 
men and new camp guard march tirli ; then the artillery and 
baggage foilutneil by the anny, difpofed in as many columns 
as polTiblc, in unjer w (bonen Uic line of marCh : each has 
it's rear-gusrd. In an ofKH countiy, the light cavah^ forms 
the rear-guaid of the art^y j sikI hi f>r.jng dofe counirica, 
the infaiiiry. When a niovcin;r.t is made by either Sank, 
iherc arc t^naaUy as many columni as the army was en- 
camped in luio : lije column of amilcry and baggjffc marches 
On a high road behind the rear Imc, and is Cfcortcd by a 
llroiig dutachtncot. The liglit troops march between tlie 
Ijrft line and tliC enemy, to dve timely nojicc of their ap- 
[iroach. In this maiitEuvre, if the firfl line march along a 
high road, and the aniltcry be dif[x>rcd according to the 
order of bitile, the guns fliould follow each other in file, 
and the tumbrils form a fecund line parallel to tliem, when 
the breadth of the road admiis of it ; but in narrow roads, 
they (hould foUow the guns : if the enemy advance to attack 
the army, the tumbrils /hould bcdifpolcd in a fecond line 
behind tlic guns, iu order to be ready for aiilion. 

226. If the army in marching from the camp A towards 
B muft paTs through a defile, and the enemy is polled on 
the other fide, ihi^ mouth of the defile (hould be occupied by 
fomc grenadiers and other chofen troops, with a few pieces 
of cannon ; under favour of which, the column on coming 
out of the defile may deploy in order of battle. 

When there is a neceflity of crolTmg a river by a bridgCj 
tind the enemy b at hand to difpute the pdffage, feveral pieces 
of cannon (hould be planted on the bank of the river to the 
tight and left of the bridge, fupponed by fomC battalions, 
under cover of wbofe (ire the army inay crofs the bridge^ 
and form in order of battle on thcothcrfide. Intrenchments 
thrown up to proteifl the army in pafTing the bridge, (hould 
be lined with cannon and muftjuetry. Whenever the river 
is (a broad as to render the fire from the oppofite bank of 
no effefl, an intrenchmcnt fhotild be thrown up, and 
embrace a large extent of ground'; the better to cnifiire the 
f^fety of the troops. 
' - Tt. 



IN TIME OF WAR.' '^^9 

'■ " The army that attempts to pafs through defiles, or crofs 
bridges in the face of an enemy^ ought to be greatly fnperior 
4n number. 

227. An army in retiring from the camp A towards Q,, 
is under a neceflity of pafTmg through a defile, and the enemy 
is at no great difhnce ; the defile ought previoufly to enlarged 
to render the march more (ecure : whenthat is impradicable, 
fome chofen infantry with a few pieces of cannon (hould be 
pofted on the fides of it. In cafes of panicular danger^ m 
thong entrenchment muft be thrown up at the entrance of tiie 
defile, or at lead a chain of redoubts at proper diftances from 
each otlier, lined with cannon and mufqaetry ; the army fhouhl 
then retreat by night, and draw up in order of battle after 
having pafled die defiles, to receive the artillery that coveted 
the retreat ; and the infantry that was left in the intrench- 
nent will form the rear guard. 

When the army in its retreat mtifi crofs a bridge, a de- 
tachment (hould be fent forward to throw up an intrench<^ 
ment to cover the bridge ; a laige body of infantry thrown 
into the work before fun-fer, and cannon planted on every 
point on the other fide of the river that flanics the intrench- 
ment. During the night, the remainder of the army (hould 
crofs the bridge, and draw up on the other fide of the river 
in order of battle, to receive th^ corps of infantry that was left 
in the intrenchment ; and when the whole has pafled, the 
bridge (hould be broken down. This manoeuvre ought never 
to be pradifed but in cafe of neceflity, unlefs the intrench* 
ment can be made of a very refpedtable profile. 



CHAP. VI, 
Of Battles and general Engagembkts. 

228. jljlN order of battle Is the moft advantageous dif- 
pofition of the battalions, fquadronsand artillery, 'that com- 
pote an army, relatively to the nature of the ground, the 
number of each fpecies of troops, and the (tfength and pofi« 
tion of the enemy : hence iris eafy to conceive, that the dif- 
pofitions and combinations of troops may be infinitely varied^ 
but as it would be foreign to our purpo(e to enter into a par* 

Z 4 ticular 
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tkular difcuflion, I niall only enJcuvour to give a few g«ie- 
tal ideas on the fuhjoa, 

329. All orriers of battle may be reduced to two, t]i«^-> 
raU*l and obU^u* 1 and each of ihcfc nia/ be cither oJTouivc 
or dcfcnfivc. 

In the parelUl order, the troo[)i iirc To difpofrd^ as 10 brir^ 
Ihf whole extent of llie front line into ^idliutii tliin order vt» 
priiicipaUy (traittirod in ihc wan of the preceihng ccniuncs, 
yViicuhrK in tevd and open countries. 

Ift Ihc M^ue order, n 9x0. only of the front (mk is cn- 
pg«(j, the remainder being kcjn In refcrve i (his is peitorined 
with the right or left wmg,,pr w;[h ihc centre : or wi;h tlw 
twQ wiiigt iclcrving the centre ; it ii^ tltea ccrtnod the ih^iU 
tllifar. 

An va\y may either attack or be attscketi ; a general mgf 
firoai fome particular advaniage aritlnj irom the nature of lh« 
CiDkind, combined wiih the diifiuritioii of ihQ troopt* be in* 
diKttl 10 flanil an ariMk : as in the two following cafe* t 

1. When the troops arc drawn up in ■ politjpa na- 
torally ftronj, where thty m;ty re<:eive ilie«fieMt]r'» at- 
tack, and fetec llic iiiH fjvourabk o)»j>Qrttuiity at ^'nig 
offenlively. 

2. When from the nature of the pof*tioo, ibe dtftn- 
dants can throw in a fiie fo much heavier than thai of 
the aflailants, as to give a moral ceitainty of repelling 
the attack with gre^l lo's to the enemy, anil but hitte 10 
themfelves: chefe cafes excepted, iiis very hazardous to 
receive battle in a pofuion merely defenfive. 

The ohlitjHc has by (he moft able generals been preferred 
(o the psr.;lld culirr, whenever the grouiiti aiJmined of it ; 
fince it affords an opperiunitr ofdifplaylng the mofi maflerly 
and confummalc knowledge of taiftics, and is the beil adapted 
to an inferior army. . 

23b. From the definition of the feveral fpecics of. troops 
(Chap. I.}, it is eafy to imagine a variety of orders of battle 
adapted to cenatn fiiuations : but the primary obje^ of 
every general (hould never be loft fight of) viz. uf providiof 
for th^ fccurity of hisown army before he attacks tliecouny: 
wherefore the diftributton of the troops and the fijuie »i the 
«nler of battle (hould form a kind of a moveabje farti&atioo, 
'where all the parts mutually cover and defend eacb other | 
and each fpecies of troops iKould be polled in the precifc ^>oc 
«]iere they can afl with tite ^reatell energy, and occaflonall^r 

changir 
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rhtnge their operations from defcnfive to oflTcnfive : cavalry 
hjr inftance, (hould be pbfted on level and open ground^ 
fhae they may perform the necefTar}' e/olutions without im- 
pediment or embarraflmcnt (189). 

I'he artillery (hould be drawn up in the beft fituations (of 
enfilading the oppofite army with round (hot ( 194)^ or firing 
cafe^fhot againft theirfront (195)* In advancing with the line 
of the army, the ground in front fhould be level and open 
(192): this circumftance is not very material when the army !• 
not to advance, but receive the enemy in their prefont pod* 
tion*; it will then be fufficient, if their rear be fecured by ditchea 
or other obAacles againft a charge of cavalry. 

Finally, the infantry which is the foul and ftrength of every 
di^fition, will be advantageoufly pofled wlien they are 
tirawn up three or four deep behirid fences orholiow wavs« 
whence they cankeep up an inceflant fire and manoeuvre freely % 
or (bme paces behind the creft of a rifing ground, which may 
fcrve as a kind of parapet: when they are to advance to tho 
attack, the ground in front ought to be open ; and that part 
of the firft line which is to charge Ought to' be formed with 
very deep files or in column, not expofed to be taken in 
flank by the enemy's artillery. 

^31. The diftance between the firft and fecond lines is 
[00 or 400 paces; with the corps de referve, aoo pacfs in 
rear of the fecond line ; or between the two lines, in 
which cafe, the diftance between them is incrcafed to 400 of 
500 paces. When the army advances in line^ an interval 
of ao or 30 paces is left between every two battalions, to 
prevent them from crouding the files, which generally hap* 
pens when this precaution is negleded ; but thefe intervals 
are unneoefiary when tlie army is to receive the attack : 8 
or xo paces are left between every two guns. The intervale 
between the fquadrons of the firA line fi>ou]d not exceed nor 
be left than half the front of one fquadron. 

in making a long charge in line, the iquadrons (houtd 
ticver touch each other, from the almoft ablulu^e certainty of 
Hieir being in diforder before they reach the enemy. 

212. (Fig. 12, PI. 8) A B is an army drawn tip in ibt 
parallel order of battle, to engage the fird line of the enemy's 
CC| and may be fuppofed to be acling either ofienfively or 
defenfively. 

(Fig. 13, PI. 8.) The army Is drawn up in a parallel 
•rder of battle defcnHve ; in tnis difpcfition the right wjnq; 

(j iy 
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G i* Tupportcdby tha artillery A, planted on an adjacent cmM 
ncnce, and covered by fomc battalions B drawn from the fc- 
COnd line. The left wing A joins lo the village C in which 
are polled the guns D Tupporled by the battalions K, drawn 
ilfo from the fecorid line. 

(Fig. 14, PI. g.) The ninth plate rcprcfcnts two oblique 
orders of baiilc: the cavalry ia advanced on the right of the 
army to attadc the enemy ; ihc left of this difpolioon it Ac- 
fenltvc, being fecurcd by the height A, on which are poded 
Cumt battalions 1} with artillery C, and farther fupportcd by 
(lie columns U, kept in rererve. 

(Kig. 15.) The cavalry C is on tlie left of the army in 
adefenlivc portion i (ince the front line of cavalry being in a 
line with the fecond line of infantry is covered by the 6ink 
A, formed by Ibme batiaiiotis, and the brigade ol the park. 
The right wing O of the army is compofcd of the grcna* 
diers and d^ofcn infantrv, fome ranged in column and otJiers 
it) order of battle, in fcverjl lines to march forward to the 
atracli. Before the troops advance, the artillery at B keep up 
S hC'ivy cannonade, fecondcd by the hril line. The fqua- 
firoiis S, (lanil ready to fei^c the £rl) moment of the enemy's 

. fefing thrown icio diforder to charge. 

^ , When two armies engage in one or other of thefe or- 
ders, it is called a piuhtd battle or gtneral engag/nunt : but 
when from the nature of i!ie ground, tlie troops cannot be 
drah<-n up in cither of ihcfc methods, but are obliged to en- 
gage one after Ihc other in a very conhned fpace, it is 
lermed an onion. The difference then between pitched battles - 
and anions confifls in the iiTuc of a pitched batile being al- 
ways very dellrui^ive to the army that is routed ; whereas in 
a^ioi3s, the vifiory decides but little ; though perhaps the lofs 
of men may be much greater than in a general engagement : 
for which reafon, the ablefl generals have endeavoured to 
avoid ai^ons ; and when they have been forced into them, 
it has been owing to fome accident, which the mofl fkilful 
difpofition and wifeCl precautions could not guard againft. 

The principal maxim is, to adapt tht difpefitien efthtirotpi 
U the inequalititi cf thtgreund, infuch a manntr tbai they can- 
mt ht taim in fiani ; but may be able t» attack in front and 
fiank^ cr at leaft obliqitely the tntrnft army; and to bring intm 
aiiioH a greater number of men than the enemy can oppofe t» 
them i this is obumed by drawing up the army with a morq 
. ^tcodnt 
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extHided front; in order to out-flank the enemy ^ vvith th* 
infantry four deep to throw in a heavy fire. 

The artillery is pofted at the points, whence from the na-* 
ture of the ground and- the enemy's difpofition they can do 
rood execution » 

234. The commander in chief having refolvcd to give of 
receive battle, communicates his intentions to the generals 
^nd the commanding officer of artillery 5 that they triay 
do their utmoft to fecond them. If the commanding officer 
of artillery forefees that the feveral brigades may during the 
adion labour under a deficiency of men to execute the feve« 
-ral neceflary manoeuvres, he (hould apply for a certain 
number of additionals to be attached to each brigade ; eithef 
to affillin working the guns; levelling obdades ; filling up 
ditches ; or laying down bridges : for the greater fecurity^ 
they fhould be under the command of their own officers and 
-non-commiffioned officers. 

It is fometimes impoffible previous to an engagemi^nt, to re^- 
connoitre the country fu Biciently , to know the points where the 
artillery ought to be planted ; the commanding officer (hould 
in this cafe ride along the front, before the two armies 
come to clofe adtion ; and fubmit his obfervatlons to the 
commander in chief, propofe fuch difpofitions of the artillery 
as appear, the moft advantageous, and inftantly execute the 
orders he receives. 

When the armies engage in the parallel order, and cohfb^ 
quently the whole front is brouglit into adtion, the com^ 
'roanding officer of artillery, befide his fiafF, (hould be tit*' 
tended by fome fubaltern officers, that he may be able td 
fend orders to the feveral brigades ; fince during the a£tion 
'he (hould never quit the commander in chief without per- 
tniffion ; and then only to examine the date of his brigades, 
or tranfport himfelf to any fpot where his prefence may be 
ftbfolutely requifite : it relts with him to demand extraordi*. 
nary reinforcements for making a vigorous puih againft ilie 
enemy, or for fuftaining a very lively attack. 

235, The officers of the feveral brigades having received 
• their orders^ didribute the artillery-men and additionals to 
'the guns, and immediately open paflTages in the front and 
« flank, that they may be able to move without impediment. 

When the army advances in line, the guns are drawn by 

horfes to the place of adtion } at the commencement of the 

Hi£tion|the fp^re carriages and waggons are placed 250 \>JiCvi 
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in the rcH, not to cndanncr jlicir beiag blown iip, anti 8 
tumbril is kept near cjch gun witli the liglit ws^oeie. 
The sniUery-mcn and ndoiiionih iiol tdutilly cmpluyct) 
Atould be fhelured behind the wagcont; without whtdi pre* 
cauiion, many men iiuy be Jaciiliccd to no put(K>leai tli< 
be^nning ot the K^ion, >nd the gum bocotiK unlcrviccabtc 
long before it is over. 

It infantry and cavalry be ranged in two liiiei, ibni tti* 
fKortd may Aipport and fupply ihc place of the firil i how 
moch more oughc the arnllcryf whieli duruig the whole Bdtoo 
it expofed in the firfl lint, to have ibmc men in refavc to 
lup|>ly ilie p1»cc of ihofc that arc difablcd, thjt ihcie may be 
llways the neceffury number for keepiti,'; up ahrilk tircf 

The brigade it divided into two pans, each under cvm* 
nund of a lubaltern -, wlui is to uke care lliat the lire '» well 
^re^led, and the fcrvicc carried on properly, aihl wiiboui 
contufion : ihc captain inrfit-cts the whole brigade, repl.'Cea 
the men that are killed or wounded, wd tisikM tbem bring 
|tp Another tumbril whai the ;iiimiunt(ion in lite 6HI i» 
nearly expended. When the aiSHun is lilicly to lalt long, 
he (ciids t Ihc depot (132' tor more ammunitkui, and h>- 
jbrms the commiitding oBaoar of )ue loHxt and eicpaidtturc. 
136. To Wetive the greateft adv3nt:)ge from afliUery, the 
firing (hould be bnfk atiil withoui coiuulion ; aitd the utmoft 
attention paid to loading and layini; the gun.-i, that the (hot 
at the fcveral dilhncts miy rcacii th; enemy : ati office." 
will fhew his judgment by cannonading that pan g# the 
«nemy'( difpotition, which it 15 of the moil wafe^ucoo* tft 
Arow into dilbrder i or by firintc cafc-Oiot, wiiea tfac dit 
tance and other cireumllances permit. 

Coofufion in the fervice of artillery aiifes either fnn the 
vsnt of a proper d^ibution of the men ; from ihor auk.- 
'wardnefs ; or from their being retsed with fear, or a (pecio» 
of delirium, under the influence uf which they arc defirous of 
tunng with the utmofl precipitation. To prevent which ; 

I. The artillery^men fhould be cxcrcifed every 4ay 
till they have habitually acquired a fuperior addiefi in 
the management of the guaa» tccording to the plan (^ 
exercife laid down in the fchool-pra^cc : for if eveiy 
« officer lakei upon himfelf to alter the mode of mxtrafCf 
it mufl inevitably lead to confuTion ; particularly when 
the men vc changed from one brieade to another. 

». Ti» 
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4. Thi thtn (hould be poftcd td the refpcflive guns^ 
each man informed of his particuUr duty 3 and the ad^ 
difionils pradtifed in dragging them. 

^. tht officer (houid ever preferve an air of coolnefa 

Md tranqaHity, and employ arguments rather than mc^ 

naces, to encourase the timid, and repreft the ardour of 

the violent ; punimment ihould not be ufed but in the lad 

extremity. 

. The gtms Ihould fire flowly at firft» by which mean$ nhe 

foldier not being flurried at the onfct wdl prtferve hia^ pre-^ 

fence of mind in the heat of the-etigagembfity andf^r^MXI 

Mi duty with eoolnefs and alacrity. r lu :/» 

237. The brigades faibw the movements of the iu&ntry, 
preferving the proper intervals. In theimtahttHne, th^ wag- 
gons and ammunition carts^ that are in front' 4>f the feqond 
linei follow the gun»atthe diftanceof 250 paces* till the conteft 
is determined. If the enemy retire, the carriages are brought 
vp and the guns limbered to ftjUow more eafily the move- 
ments of the army i but if the iiTue be unfavourable, the 
captains commanding the lurigades, when ordered to retire^ 
exert every means in their power to fave their guns, though 
|»refied by the enemy : with ^ view to this^ they ought to have 
ciramintd the roads^ bridges and other avenues, previous to 
the adion* When all retreat is impradlicable, the guns 
flioutd be fpiked or rendered ufciefs io fome other manner^ 
the ammunition blown up, and the principal articles de/fanoyed 
•r carried off. 

238. The commanding officer of artillery, who has al« 
ways remained with the commander in chiefs ihould have 
forefeen the fatal moment of defeat, and have given fuch 
diredions that the guns may not on the retreat, embarrafs 
the movements of the tr« ops. On the receiving the order 
to, retire^ be will caufe the depot tiiat is (htioned behind the 
fccond line to move inftancly, and all the brigades of the 
£rft line to retire by the roads pointed out to them. Ho 
iKrill in perfon repair to the fpot where there appears to be 
the greateft difficulty and danger, that by his fuperior know- 
ledge and experience he nnay extricate his officers and men 
out of the draught to which they are reduced ; and as the 
limbers are fometimes broken and ufelefsi he will apply for 
an Additional number of infantry to affiA in dragging off the 
guns* Th^ brigjsda aDd depocy Ihould repair as fad as 

(offibli 
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pffiblc to iho place "of rendezvous, that (be troops may fol- 
io* without conruliuii. 

VV'Jicn (he arniy i* iiirei;uhtv, ihc captains (hould examine 
the ftaie ot ilwjii biizaile, ami make a report of dcdcicocics 
ta liw cumnundui^ oitlccr, who makck hit dcruandt ucord- 
%Vg}]/ i;iltc 2rtilj<.er» arc in<lant]y Tut 10 worl: to repair thf: ca^' 
riagu thai arc ajuuj^vJ. 



C H A P. VII. 
Of the Attack ano Defekcs or Field Fqkti-. 

FiCATIuKS. 



I 



¥34. J. Ocohe^vc*) ad^qii^re idea of the beft mod* 
«F atiai:king and defending hdd-norkSi Ihcir conftnic- 
(Irtn and ufr Olould'be lirll undcrflood: to this end, fome of 
Ihc AiiiiUment^d priiiciph-s laid down in the Trealife on 
WiTniiry Architecture will be here repea(ed, 
■> "I'he objcfl of field-works is defence : yet the tnode of 
4efciic# n very difivreni fVoin the me[hod of defending rc- 
fctalir, or even inegiilar fonrirlTes. Since the Utter are amply 
npjilted wiih protifions ani (lorvt; whereas firid-works 
•fft Ojwn on or.e 'fide and communicaie with the coantry, 
by Mhiiih avenue the troops can always rcceivt fupplies of 
prnvifioris, and are gcneraliy attacked witliout the difpofi- 
lipn^ niid precautions ufuat in fie^s, 

54'>. Field -fortifications are conftrufled either wi'h a view 
•f i-ovcring an army that wifhi-s to avoid :in cngajeincnt, or 
feeuring i(s retreat j of occupying fiwne important poft, to 
impede or fruftrarc the enemy's defigns ; or of fortning an 
Jn(renched camp in the viciniiy of a fortrefs, to're(tdn' a 
flegt' difficult or imprafticable, Thcfe fortifications are diAin- 
jEOnhed Into natural and artificial : in the firil daft, are ratiked 
heights that the enemy wi(h to get polTelTlon of, at Ihc foot 
vt which are hollows or fences that are coatmandeci : ind 
cmhieiices, houfes, villages and woods near to the camp or 
field of bairk, that may be ufeful as points of fupport, orss 
advanced ports to intrench on. 

A polition on a rifi^g ground with ftecp banks is Arong ) 
?ftd when on the fide towards the enemy; there be a canat, 
ri*er, lake,' n-.ortfafs, quiokfand, deep- pretipico or narroq 
paft tliroM^h vhivh tho enemy m\fi defile ttcfore he car\ 
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Crttack the camp, it is Aill Wronger ; indeed fome pofitions of 
this nature are found that are impregnable. 

241. When the ground is not naturally ftrong, it is rendered 
Xo with field-works: this occurs mod frequently in coun- 
tries interfered by large canals or rivers, &c. or in moun- 
tainous or flrong countries, whither an inferior army is cotii- 
pelled to retire from the open champaign country to avoid 
being furrounded and cut off from its fupplies. 

In field. works conflruded on the flat parts of a Arong 
country, one Aage of fire is generally fufficient ; but in forts 
and large redoubts, that are to ferve as points of fupport tb 
other intrenchments or as infulated pods, there ought to be 
two ftages of fire. 

In mountainous countries, from the natural advantages of 
the fituation, two flages of fire may be obtained with littlft 
expence or trouble. 

242. In the conftrudion of field-works, regard nmft bo 
^always paid ; 

1 . To the nature and extent of the adjacent country, 

2. To the interior area. 

3. To the figure of 'the works, and the mutual fup- 
port of the feveral parts. 

4. To the profiles of the works. 

243* Thofe field-works are the firongcO, which from na* 
kural or artificial obfiacles cannot be approached by the enemy 
in regfular order (242, No. i): when the intrenchment can«- 
' not be made inacceilible along the whole front, a part of it 
at leafl (hould be made foj always keeping in view this maxim 
that the flanks be betUr difendid than the front. The ground 
beforethe acceflible parts Ihould to a proper diftance, be cleared 
of trees, hedges, buildings, and every thing that can give 
ihelter to the enemy. 

244. The interior area (hould be fo fpacious, that all the 
troope may encamp in good order, and perform the neceflary 
nmnoeuvres for defence without beitig ftraitened for room. 
' Wtien the army is encamped in one line, 500 paces are left 
between the intrenchment and the tents i^or the troops tp 
form on ; and when in two linif^ this diiiance is increafcd 
to 800 paces (242, No. 2). 

The front of the encampment ought not to be unnecefla* 
rily extended, left there be too few men to line the intrench* 
ment : when there are any ditches, canals, precipices or other 
tohflacles to a free communication between the feveral parts, 

bridgci 
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hrwiget (1)ould be bid iivJ the hcti;h» levelled : and the cn> 
cainpjncnl fu dir[x)ic<l,ilMrthe ormy may move by ehScr Sank 
in ilie onicf ilix may appirar iho moft adviniageous for g^- 
tag any obie^ in view, fucti r). lei»ng an itnporlaiii poll, &c. 
From inefe remarlu oii field-worlu ir may be inferred, 
tlut an ofliccr oufttit to \>t corupIcK matter of ihc manner at 
«Ita(.kjr^ wd dckii^in^ tliis liKiKi of fortUication, before fat 
nil be ijompriciii to ttccidc upon ibe advania^s or dtlad- 
HfMita^^s ot' iMriiculir fittiaiivfis. 

245- Redans comic^cd by curtains U die mttR eommoix 
tMc fur fie'd-fortification^ in a campaign country : when 
nn ihc namrc of the ground tlun tijturc mull be deviated 
<m, it fhouM bcamaximiliatrv/ry^drr btSanked^ tlutfAe 
W «|^' itfmt* mrvir mend 260 y'^rdi^ and even let) whea 
fftfticularly vulmcfable (341, Na. 3). 

The tigorc of fmali tons ercillon to fccure the flanks o*" 

rv« ftt points uf fuppoit to the wcakell pins, or as advanced 

l^ttolS, mufl Jcpcnd on ilic nature of the ground: a covered 
~vf bet'orc ihc fort, w a fmallcr fort cooitruded within the 
irgcr one vviU give two ftngcs ot (ire. 
'I'hcre Me two ineihodt of fortifying houfci, villages, and 
Other large buildings : the one it to clole and barricado the 
i|trcctv, doors and lower windows on tlie Gdecrf' the cpcmy 
md enlarge ihcm on the oppaficc tide, 10 give 6rce room for 
<bc tTQopa to enter fur tlic defence : the other U to eftablilh 
(wo Oa^es of tirv, the lirll S-ini the inirenchmcnt that fur- 
Tounds iti« vill^c i tlie IcLOiii!, from the upper winrlows of 
(ho houfes. In tracing the intrenchment, an interval of 30 
^oos at kal} fliould be left belwe«D it and the boitfes, that ma 
ir4X>ps who line the works, may not be incommoded by tba 
Jflvaftation occafinncd by the enemy'i (hot among the build- 
VKS.^- When th^re is a ffee communication betveea the 
Yllll^ and the army, the front and fianks only need te in- 
ircndted; except it is intended as an advanced poft, then the 
work (houW be clofcd, 

046. Field toriifications may be clailbd uader thtee hcad« 
(3+2, No. 4) 

The iirfl kind U the mofi Gmplc, atid cooGfts of a parapet 
4i or 5 feet high and 3I feci thick at the tt^ without ban-> 
'<)uett«; this is throwi^ up in places which (he enemy can'- 
■not approach without being obiiged to de&ie ; hut never on 
^t open ground, uoJeft tl^e i^my be hvf. Uttlq it\Mor ia 
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The profile of the fecond kind confifts of a parapet 7 J feet 
high and 6 feet thick with a broad banqiictic, that the infantry 
may draw up two or tlirce deep, and the troops at the foot of 
the banquette be fhelrered froni the enemy's fire: the ditch is 
from 7I to 9 feet wide and 4I feet deep. Bo;h thefe kinds 
of intrcnchment are liable to be infuhed -, or in other words, 
expofed. to aflault without any previous fteps on the part of 
the aflaUant. 

The profile of the third kind is a parapcj from 12 to 15 
feet high, and as many thick ; with a ditch from 20 to 26 
feet wide and from 7^ to 1 1 feet deep : this intrenchment 
}s faid to be focure from infult ; as it cannot be atucked but 
\}y a kind of regular fiege, by opening trenches and ereding 
batteries. A row of palifadoes fixed horizontally half way 
up the parapet, or with a flight inclination at the foot of it, 
9dds inuch to its flrength. The banquette is from 7^ to 9 
feet broad, that the infantry may draw up two deep ana main- 
tain a heavy fire, when the ground in front is favourable tp 
the enemy's attempting to carry the work by afTault. 

247. The troops for the defence of the two former in- 
trenchments are difpofed as follows ; 

J. The parapet is lined with one rank of infantry, 
who keep up the paUfado firing when the ground in 
front is fo broken that the enemy cani^ot approach in 
order ; when the ground is lefs broken, they are drawn 
up two deep and fire by platoons. When the ground is 
fo favourable, that the enemy may adopt whatever dif« 
pofition appears the moft feafible, the infantry are 
drawn up 4, or at leaft 3 deep, and fire by word of com- 
mand from th«ir officers. In this cafe, t'ne two front 
ranks give (heir fire, and kneel down to ?! ve liberty to the 
two rear ranks to fire ; they thep rife and the whole re* 
load. Of the various methods of parapet firing, this 
is the mod fimple and eflfe&ual, and produces morelhan 
any other, that folidity and confiflence which forms the 
excellence of every body of troops. 

2* Befide the troops on the banquette, there fhould 
be fome pofted in referve at a proper difiance in the rear, 
to be ready to move to any part where they may be 
wanted ; and behind the points, where the mod ferious 
attack is to be apprehended, a fecond line of infantry 
(hould be formed 300 paces from the parapet; witb 
(q^C fi^uadrons of cavalry, dn^wn up in tlie r^ en a 




Ifial i«ccc of grouml, ready ro charge the etiwny, 
inlbni they lurcc the intrenclimcni. 
3. In the third kind of inticnchmcnt, the difpofiiioTl 
of the troops depends upon the mode of attack : when 
the enemy make* regular approaches, the fame rcgola- 
tionsarctobc adoptedasintliedefcnceof fwireflci. If 
ihc CTicmy attempt to carry the wuric by alTaidt, the 
irOopt Ihould be drawn up 3 or 4 deep on the banquette 
10 throw in a very heavy tin-, in order to make him re- 
pent of hii temerity. 
34^. The dirpofiiion of artillery in the two firrt fpeciei of 
field roriiltcaiioni depends on the nature of the ground, and 
the order in whicti the enemy approaches. I'lic general 
, rule is, 
^^^ I. To poft the artillery at llic parts where the moll 

^^^k i fefious attack is apprehended, leaving to the infantry the 
^^^V defence of the other pans. 

^^^L i. W the enemy advance in column, guns are placed 

^^^K on every point th^l can cnhladc it ; and if in hne, cafe 

^^^^T lliot is tired from all the guns that bear direiEUy on his 

^^^H front : fome others are brought to bear obliqudy witb 

^^H| round fhot. An incellant tiring is kept up, till he it 

obliged to retire out of giin-lhot to rally: then the 

firing is fufpenticd ; and every ihing prepared for giving 

lilm a warm t-A-r'i'-ii '■ !i..- Iv.- r-.-iiT.s r.-^ th??.t!:ick. 

^. When r;,c ■ , ■■■; ' 1,'my, 

that he can by maniEuvreing alter his dilpolition at plei- 
fure and keep the defendants in doubt which part he in- 
tends to attack ; fome guns are kept limbered and loaded, 
(hat they may be infhntly drawn to the point of the 
greatell danger. 
ajg. In attacking an intrenched camp with a profile of 
the tirl^ or fecond kind, the flanks Qiould be grft attempted ; 
but if their profile is, as it fhould be, of the third kind, the 
troops murt advancL- witliin 7^0 or 800 paces of the front 
of the inirenchment in the parallel order, and then make the 
attack in the oblique or double oblique order, taking care noC 
to prefcnt the whole front to the fire of the intrench men t, 
unlefs the enemy weaken fome part not attacked in order ta 
reinforce thofe againfl which the attack fccms direifUd. 

When any defefl in the works, or the interior oF the camp, 

that embarraifcs the troops in their manoeuvres is perceptible, 

the weight of the attack fhould be dircded againll tbat part ; 

otherwtf« 
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otherwjfe) the greateft efforts (hould be made at tlie point 
where the exterior ground prefents fome advantages : the in- 
fantry being difpofcd in feveral columns, connefted with 
other troops and fupported by a fccond Jine of infantry, 
with the cavalry drawn up in the rear, ready to gallop into 
the intrenchment tlK inftant the infantry have entered and 
opened breaches large enough to admit them. 

The previous difpofitions being made and the fignal given 
for the attack, the troops march forward in quick time ; 
fincc it is only by advancing rapidly, that the defendants can 
be deprived of the advantages they have over the aflfailants : 
for the fire of the latter is, at the beft, but uncertain ; while 
they are expofed to a very heavy and well-diredled fire from 
behind the works : common fenfe and experience agree on 
this point. 

25c. In the aflault of field-works, it depends on the pofi- 
tion of the intrenchment and the nature of the ground where 
the troops form, whether the whole or a part only of the 
artillery can be employed. The general rule is for the artil- 
lery to keep a very heavy fire previous to the advance of the 
troops, that they may meet with Icfs refidance and penetrate 
more eafilv. The principal cafes in which artillery is ufeful 
in this kind of attack are : « 

1. When the artillery of the works can extremely 
annoy the aflailants, a fuperior number of guns arc 
brought up to filence them ; and when there is any 
commanding ground at 200 or 300 paces from the 
works, fome infantry is pofied on it to throw in as heavy 
a fire as pofiible (199). 

2. When there are any forts or redoubts with two 
ftages of fire within the works, the fire of all the artillery 
is diredled againfi them to throw the troops that defend 
ftiem into diforder; the infiant this is perceived, die 
infantry advance rapidly to the aflault. Red-hot fhot 
and howitzer (hells filled with combuAiblcs are thrown 
into intrenched villages or houfes to fet them on fire ; 
it fhould be laid down as a maxim in the attack of towns 
or villages, never to lei the infantry advance before the 
grtillers has thrown the garrifon into confuftcn. 

3. Any ground in the vicinity of the intrenchment, 
that enfilades or commands it, mould be occupied by a 
fufficient number of guns to take full advantage of this 
favourable circumfiance. 

Aa 2 4. In 




orks (hoald be tion 240 10 -; 
and when very much wpolcd to rtic snc'iiy's 1 
tlicy m»y be in (-m- isL^.fiic llii-lhi-,1 h\ 
nitli earth, Oi ^it\ ::<cdu< i> ai!<l vviririows 1 t'li'^tu-rjfi- 
bmirir.g houfts: Some officcri from »ii i' tmt* i^d filft 
principle of honour have riffcprrfrH lisn mc* 
vcring ihe artillery -, Sui thofe who cwiruli ihc ml ho-' 
nour pf a foldicr will know, thai n i^Kiltlft in ad- 
vaneinj; the intcrcfla or iheii country in lUc m.ift c«- 

Itain and cvpediiinus manner j ic ii ihcret'orc the firft 
duty of an oliitcr 10 cover Ins men is e^ectuaDy M 
poUible. Some gum ougln to march in the rwr of- ' 
tJie column to feize any oppontinity of iQing to ad- 
vantage, 
251. Artillery ii alfo employed in tlie allack of intrenched 
|K)(li, in the foliowirj* cafes : 
I. When the inirenchmcnt is of prwil extent; at 
lines orcircumvallalion, ami expoleilio infull : (bmtguns 
are fentwiih a body of infsnir)- to make a tails anaek 
dnring the night, in order to caufc a diverlion of th« 
r enemy's IRMps : the faiti; an^ik iMmaileata diDance 
frem the real one, and commence* Ibme hour* before it 
wiih a very heavy fire. 

2. When the profile cfihe inircnthment f^ciires it 
from infull, a kind of irreguhr fug? is carried on willi 
batteries and trenches : Ihcfe attacks are generally di- 
rected againft the flanks of the intrenched camp, or 
lome f^Iiant point. 

3. In battering bridges built of bMts, and covered 
by redoubts or intrench ments, foine guns arc broucht 
to the edge of the river, wliencc they can bear on ihc 
bridge ; and if the oppolitc lliore be lined with -mur- 
([uetry or artillery, a fuperior fire muft be directed 
againll it, to cowr the guns ; when the intrenchment 
is injudiciouny conflruiiicd, Ihe infantry afier the fire 
of the artillery has continued for foiiic time, Oiould 
advance and ilorrn it, 

4. When the enemy having laid "a bridge of boats, 
endeavour to pafs the rivei -, the troops and artillery 
that are to difpute the palTage, form oppofite to the 
bridge, to entibde tlic enemy, who having eroded the 
budge in column, will endeavour to deploy in order 

of 
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of battle ; fome gum are alfo planted on the bank to 
cannonade the bridge : and if the enemy cover his 
paflage by a fire from the oppoTite fide, a fuperior fir^ 
mud be efiablifhed. It may be remarked here, that 
>K'henever a bridge is to be attacked^ or the pafiTase of 
it difputed, and there are guns on both fides of the 
river, if the two banks be not on th^ fame level, the 
troops on the highed bank will have the advantage^ 
when the river is not lefs than a mufquet (hot acrori^ 



CHAP. VIIL 
Op the Quarters of an Army. 

252. AT is cuflomary to put the troops into winter quaf* 
ters towards the end of autumn ; and in fome countries, into 
fummer cantonments during the great heats of that feafon^ 
They are lodged m the to^ns and villages, and difiributed 
According to the order of battle in which they are encamped ( 
that is to fay, the troops that compofc the firrt line are quar^- 
tered in the houfes neared to ti.e enemy, and thofe of the 
fecond in the towns in the rear ; regard is alfo paid to the 
pofition of the wings and centre, fo that the troops may on 
occafioci Riarch forward to the ground that is fixed on, for 
their general rendezvous, without confufion or danger of 
crofling each other in the march. The quarters are more 
or lefs extended in proportion to the difiance between the 
two armies, and there is generally a liver or defile in front. 

253.. The brigades of artillery arc generally quartered 
together in fome city or town in the fecond line, with a body 
of infantry to cover them. 

At every halt during the campalc^n, the damages were 
repaired as far as circumfiances would admit ; and advantage 
is now taken of the fummer cantonments, to examine and 
fMit every article in a complete Hate of repair, that on any 
emergency the brigades may be inilantly ready : the ammu- 
nition. Sec. is left in the waggons, and the park formed in 
the proper order, that the horfes may be harnefied without 
confufion. . When the ammunition is carried on beaiis of 
burthen, it is unloaded and lodged in fome buildin;^ ivot 
cacpofcd ta fire, and fpacious enough to contain it wiil.oiii; 

mixirij 



I 




374 5ERVICB OP ARTILLERY, 

mixing the fevcral fpccics together. The officers, non-co(n> 
millioncd ntficer^, artillery- men, nlrivcrs, conduiDor9« and 
horfcs are quartered in the hoiifcs comigaous to Ibc p^rlc, 
with a proper gu^ird -, parltcularlv in conquered countries. 
Tlic commanding officer of anilfery having been prcviouUy 
•dvertifcd by tlie cuminander in cliicf, of die pornion each 
brigade ii lo take up in t''.c field of bjtiJc, and of the route 
by which they an rcf^peclively to march, examines the roads 
'and ground aitcnded l>y Ills captains, and orders the need'* 
'fiu'y repairs to be uude to facilitate the march : he cxplaini 
to his otficcrs the intentions of the general, tlui they may 
t>e enabled punii'hjully ta enccute the ordcis iliey receive, 
whether by exprefi or coiiceiicd fignal; iti the latter cafe, 
ibmc attentive men arc polled day aiid nighl to obfervc the 
fignaJs. 
154. WtKn in front of the line of qiiartert, or on the 
lly Totd by which the enemy can appro^di the canton- 
Incnts, there is any pull or connnaoding iituaiioti t it Ibould 
>4k occupied by a dctaciimcnl of infantry, fupporced by one 
•UK two brigades of arriilcry, that it may be abte to boid oai 
Tor fome days, and give iime 10 the army to ai{cmble and 
ircb to its relief. I'he oHicer who commaiKb thefe bri- 
will confidcr aiicmivcly the natiirc of the poll, and 
the adjacent country, and judge whether it be expofcd to 
a coup -de- main; and whether it can he ftrcngihcned by any 
additional works; he will communic:itc lo the commanding 
oriiccr of tlic pall, his ideas upon ihei'laii of defence, and 
pod his guns at the moll important points, with a jvopor- 
tion of ammunition in cafp of attack. 

255. At length, the feafon for military operations being 
over, and the commander in chief having ordered the army 
into winter quarters in the moft convenient and plentiful 
country, that they may recover themfelves from the fatigues 
of the campaign; the brigades of the artillery move towards 
the place of their deftination under the efcort of a body of 
infantry or cavalry, marching and parking as before di- 
refted. Being arrived at their quarters, which fhould be 
covered from every attempt ofMic enemy, the ammunitioR 
h lodged in the magazines, the carriages put undercover! 
and the neccflary repairs inllanily b^un: during the winter, 
attention fhould be paid to the comfort of the men, and the 
forage of the horfes, that the whole may be able to take the 
field in the enfuing fpring with recruited llrength and vigour* 

FINIS. 



ERRATA. 

Page XIV Line 25, for d'Oil read d'GRil 
' XV ■ 10, for adopted read adapted 

6 Paragraph 1 8, for cinders read afhes 
. 10 — yi^for fabric rend manufafture 

• 85 175, for -243 read "0303, and for 587 

read '0606 

. Qi ■ 183, /<7r472, &c. read ^oOf &c. 

• 157 — 126^ for nx read n x 

ditio •— — — ditto, /br 1444.300 read 14Q9800 

• 158 — 128, for 7460 read 2490, Szc, 

. 202 — — I7 2j for ^o read r^o 

336 — — 178, /?r counrer-atiack r^<7rf counter- 
approach 
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